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EXECUTIVE SUMMARY

This Preliminary Regulatory Impact Analysis (PRIA) has been prepared by the National
Highway Traffic Safety Administration (NHTSA) to inform the agency’ s consideration
of proposed Corporate Average Fuel Economy (CAFE) standards for passenger cars
and light trucks for model years (MYs) 2017 through 2025. NHTSA is required to set
CAFE standards by the Energy Policy and Conservation Act of 1975 (EPCA), as
amended by the Energy Independence and Security Act of 2007 (EISA). NHTSA does
not have discretion not to set CAFE standards each model year for passenger cars and
light trucks. CAFE standards must be set at least 18 months prior to the beginning of
the model year; must be “ attribute-based and defined by a mathematical function;” and
must be set at the maximum feasible level that NHTSA determines manufacturers can
reach for that fleet in that model year, among other requirements. See 49 U.S.C.



32902 and Section 1V.D of the preamble that this PRIA accompanies for more
information.

This assessment examines the costs and benefits of improving the fuel economy of
passenger cars and light trucks for MY's 2017-2025, and also the costs and benefits of
improving the fuel economy of those vehicles at alternative rates of increase (both
higher and lower) during those model years. As part of that examination, it includes a
discussion of the technologies that can improve fuel economy, analysis of the potential
impact on retail prices, safety, lifetime fuel savings and their value to consumers, and
other societal benefits such as improved energy security and reduced emissions of
pollutants and greenhouse gases.*

As explained above, EISA requires NHTSA to set attribute-based CAFE standards that
are based on a mathematical function. The MY 2017-2025 CAFE standards for
passenger cars and light trucks are based on vehicle footprint, as were the standards for
MYs 2012-2016.? The mathematical function or “ curve” representing the footprint-
based standards is a constrained linear function that provides a separate fuel economy
target for each vehicle footprint, generally with more stringent targets for smaller
vehicles and less stringent targets for larger vehicles. Different parameters for the
continuous mathematical function are derived. Individual manufacturers will be
required to comply with a single fuel economy level that is based on the distribution of
its production for that year among the footprints of its vehicles. Although a
manufacturer’ s compliance obligation is determined in the same way for both
passenger cars and light trucks, the footprint target curves for the different fleets are
established with different continuous mathematical functions that are intended to be
specific to the vehicles’ design capabilities, to reflect the statutory requirement that the
standards are supposed to be “ maximum feasible” for each fleet separately.

In order to evaluate the costs and benefits of the rule, a baseline prediction of the fuel
economy and mix of vehicles that would be sold in MYs 2017 to 2025 in the absence of
the proposed new standards was constructed. As was done for the MY 2012-2016 final
rule, a baseline was developed using each manufacturer’ s MY 2008 fleet as
represented in CAFE certification data available to EPA. In order to conduct this
analysis, we assume that similar vehicles will be produced through MY 2025 and
technologies are added to this baseline fleet to determine what mpg levels could be
achieved by the manufacturers in the MYs 2017-2025 timeframe. The main analysis
includes a “ flat” baseline, for which we assume that manufacturers would have made
no fuel economy improvements above the MY 2016 CAFE standards. In the sensitivity
analysis section, we examine an alternative baseline, for which we assume that
manufacturers would meet market demand for slightly higher fuel economy levels in

! This analysis does not contain NHTSA’s assessment of the potential environmental impacts of the final
rule for purposes of the National Environmental Policy Act (NEPA), 42 U.S.C. 4321-4347, which is
contained in the agency’s Draft Environmental Impact Statement (DEIS) accompanying the proposed rule.
2 Vehicle Footprint is defined as the wheelbase (the distance from the center of the front axle to the center
of the rear axle) times the average track width (the distance between the centerline of the tires) of the
vehicle (in square feet).



light of higher real prices of fuel and given the new fuel economy labeling rule that was
promulgated earlier this year and would supply technologies that have a consumer
payback (defined by fuel savings exceed retail price increases) in one year or less.
NHTSA seeks comment on which of these baselines is a better prediction of what
would occur if the proposed rule were not adopted, or whether the baseline should
include a more fuel efficient mix of vehicles that incorporates all fuel economy
improvements that consumers value more than they cost.

NHTSA has examined nine alternatives, including six that are defined as annual
percentage improvements over the baseline — 2%/year, 3%/year, 4%/year, 5%/year,
6%/year, and 7%/year. In addition to those six are what NHTSA has called the

“ Preferred Alternative,” which represents the standards that the agency is proposing
for MYs 2017-2025; the “ Maximum Net Benefits” alternative, which Executive Orders
12866 and 13563 encourage the agency to choose unless statutory considerations
mandate otherwise; and the “ Total Costs Equal Total Benefits” alternative. Looking at
the “ required” mpg levels in Table 3a and 3b, the “ Preferred Alternative” for
passenger cars would require fuel economy levels that are generally between the 3 and
4 percent annual increase alternatives, although the percentage increase varies from
year to year. The “ Preferred Alternative” for light trucks starts at less than the 2%
alternative in MY 2017 and increases to between the 3 and 4 percent alternative in MY
2025. The “ Maximum Net Benefits” alternative is based upon the agency’s assessment
of the availability of technologies and a marginal cost/benefit analysis. In this case the
agency continues to include additional technologies in its analysis until the marginal cost
of adding the next technology exceeds the marginal benefit. The “Maximum Net
Benefits” alternative maximizes net benefits for each year for 9 consecutive years, but it
does not maximize benefits over all 9 years together. The “Maximum Net Benefit” for
passenger cars would require levels that are higher than the “Preferred Alternative” in
MY 2017 through 2022, but then falls below the preferred alternative levels in MY
2023-25. The “Maximum Net Benefit” required mpg level for light trucks is higher in
every year than the levels in the “Preferred Alternative.” The “Total Costs Equal Total
Benefits” alternative represents an increase in the standard to a point where essentially
total costs of the technologies added together over the baseline added equals total benefits
over the baseline. In this analysis, for brevity, at times it is labeled “TC = TB.” The “TC
=TB” levels are higher than the “Preferred” alternative levels in all years.

The agency performed a variety of sensitivity analyses to examine the variability of the
CAFE model’s results to certain economic assumptions. Sensitivity analyses were
performed on the following:

1) The price of gasoline: The main analysis uses the Reference Case AEO 2011
estimate for the price of gasoline; we study the effect of using the AEO 2011
Low and High Price Cases on the model results.

2) The rebound effect: The main analysis uses a rebound effect of 10 percent to
project increased miles traveled as the cost per mile decreases. In the
sensitivity analysis, we examine the effect of using a 5, 15, or 20 percent
rebound effect.

3) The value of CO, benefits: The main analysis uses an initial value of $22 per
ton to quantify the benefits of reducing CO, emissions. Sensitivity analysis



surrounding this assumption considers the use of alternate base values of $5,
$36, and $67.°

4) The military security component: The main analysis does not assign a value
to the military security benefits of reducing fuel consumption. In the
sensitivity analysis, we examine the impact of using a value of 12 cents per
gallon instead.

5) Consumer benefit: The main analysis assumes there is no loss in value to
consumers resulting from vehicles that have an increase in price and higher
fuel economy. This sensitivity analysis assumes that there is a 25, or 50
percent loss in value to consumers — equivalent to the assumption that
consumers will only value the calculated benefits they will achieve at 75, or
50 percent, respectively, of the main analysis estimates.

6) ICM and RPE cost methods: The main analysis uses the ICM cost method
with an overall markup factor from variable cost to equivalent retail price of
1.2t0 1.25. The retail price equivalent (RPE) cost method results in higher
cost estimates for each of the technologies, as it uses a markup factor of 1.5.
A sensitivity analysis involving the RPE method was conducted. The agency
also performed a sensitivity analysis using the ICM method, but with NAS
estimates of technology costs.

7) Technology costs with NAS cost estimates: The agency conducted a
sensitivity analysis using values that were derived from the 2011 NAS
report.* This analysis used a RPE markup factor of 1.5 for non-electrification
technologies, which is consistent with the NAS estimation for technologies
manufactured by suppliers, and a RPE markup factor of 1.33 for
electrification technologies (HEV, PHEV and EV); three types of learning
which include no learning for mature technologies, 1.25 percent annual
learning for evolutionary technologies, and 2.5 percent annual learning for
revolutionary technologies; technology cost estimated for 52 percent (33 out
of 63) technologies; and technology effectiveness estimates for 56 percent (35
out of 63) of technologies. Cost learning was applied to technology costs in a
manner similar to how cost learning is applied in the central analysis for many
technologies which have base costs which are applicable to recent or near-
term future model years. As noted above, the cost learning factors used for the
sensitivity case are different than the values used in the central analysis. For
the other inputs in the sensitivity case, where the NAS study has inconsistent
information or lacks projections, NHTSA used the same inputs NHTSA used
in the central analysis.

8) Battery cost: The agency conducted a sensitivity analysis of battery costs in
relation to HEV, PHEV, and EV batteries. For HEV batteries, a sensitivity
analysis was performed with a +/- 10 percent variation in cost per kWh, while
sensitivity analyses involving PHEV and EV batteries utilized alternate ranges
contingent on the type of battery cathode (see chapter X for additional detail).

® These values are rounded to the nearest dollar; the values used in the sensitivity analysis are unrounded.
The unrounded values are presented in Chapter X.

* Committee on the Assessment of Technologies for Improving Light-Duty Vehicle Fuel Economy;
National Research Council. “Assessment of Fuel Economy Technologies for Light-Duty Vehicles” (2011).
Available at http://www.nap.edu/catalog.php?record_id=12924 (last accessed November 13, 2011)



http://www.nap.edu/catalog.php?record_id=12924

PHEV and EV battery costs ranged between -20 percent and +35 percent in
this sensitivity analysis.

9) Mass reduction cost: A sensitivity analysis was performed examining the
impact of vehicle mass reduction that could feasibly be accomplished with a
+/- 40 percent impact on vehicle cost.

The agency also performed a probabilistic uncertainty analysis on the model results of the
proposed preferred alternative, as mandated by OMB Circular A-4. Over all nine MY's
(2017-2025), the higher CAFE standards will produce a net impact ranging from a net
cost of $141.4 billion to a net benefit of $703.0 billion. Across all model years, each
model year’s passenger car fleet has, at minimum, an 89.2 percent certainty that higher
CAFE standards will produce a net benefit. For light truck fleets, this value is 98.6
percent. The uncertainty analysis is presented in detail in Chapter XII.

The MYs 2017-2025 proposed CAFE standards, like the MYs 2012-2016 CAFE
standards, are being proposed jointly with the Environmental Protection Agency (EPA),
which is concurrently proposing greenhouse gas (GHG) standards for the same vehicles
for the same model years. The joint proposal would extend the National Program
established for MY's 2012-2016 for these additional future model years. In working
together to develop the next round of standards for MY's 2017-2025, NHTSA and EPA
are building on the success of the first phase of the National Program to regulate fuel
economy and GHG emissions from U.S. light-duty vehicles, which established the strong
and coordinated standards for model years (MY) 2012-2016. As for the MY's 2012-2016
rulemaking, collaboration with California Air Resources Board (CARB) and with
industry and other stakeholders has been a key element in developing the agencies’
proposed rules. Continuing the National Program would ensure that all manufacturers
can build a single fleet of U.S. vehicles that would satisfy all requirements under both
programs as well as under California’s program, helping to reduce costs and regulatory
complexity while providing significant energy security and environmental benefits. The
coordinated program being proposed would achieve important reductions of fuel
consumption and GHG emissions from passenger cars and light trucks, based on
technologies that either are commercially available or that the agencies project will be
commercially available in the rulemaking timeframe and that can be incorporated at a
reasonable cost. Consistent with Executive Order 13563, this proposal was developed
with early consultation with stakeholders, employs flexible regulatory approaches to
reduce burdens, maintains freedom of choice for the public, and helps to harmonize
federal and state regulations. Because the agencies are collaborating on the National
Program, however, it is important to note throughout this analysis that there is significant
overlap in costs and benefits for NHTSA’s CAFE program and EPA’s GHG program,
and therefore combined program costs and benefits are not a sum of the two individual
programs.

Table 1 presents the total costs (technology and social), benefits, and net benefits for
NHTSA’s proposed CAFE levels by alternative. The values in Table 1 display the total
costs for all MY 2017-2025 vehicles and the benefits and net benefits represent the
impacts of the standards over the full lifetimes of the vehicles projected to be sold during
model years 2017 — 2025.



Table 1

NHTSA’s Estimated 2017-2025 Model Year Costs, Benefits, and Net Benefits® under the
Preferred Alternative CAFE Standards
(Billions of 2009 Dollars)

3% Discount Rate
Costs $177.6
Benefits $521.8
Net Benefits $344.2
7% Discount Rate
Costs $168.6
Benefits $424.0
Net Benefits $255.4

Table 2 shows the overall analysis summary of costs, benefits, and net benefits for the
nine model years by alternative for the combined light duty fleet. Table 4 shows the
agency’ s projection of the estimated actual harmonic average that would be achieved
by the manufacturers, assuming that some manufacturers will pay fines rather than meet
the required levels. Table 3 shows the estimated required levels. All of the tables in
this analysis compare the flat MY 2016 baseline to the projected achieved harmonic
average. Additionally all of the tables in the Executive Summary and in the analysis as
a whole use the central value for the Social Cost of Carbon (SCC), which is the average
SCC across models at the 3 percent discount rate. The SCC is discussed in more detail
in Chapter VIII. For purposes of capturing the uncertainties involved in regulatory
impact analysis, we emphasize the importance and value of considering the full range of
SCC values.

Costs: Costs were estimated based on the specific technologies that were applied to
improve each manufacturer’ s fuel economy up to their achieved level under each
alternative or fines that would be assessed. Table 5 provides the cost and fine estimates
on an average per-vehicle basis, and Table 6 provides those estimates (including social
costs and excluding fines) on a fleet-wide basis in millions of dollars.

Benefits: Benefits are determined mainly from fuel savings over the lifetime of the
vehicle, but also include externalities such as reductions in criteria pollutants. The
agency uses a 3 percent and 7 percent discount rate to value intra-generational future
benefits and costs. Inter-generational® benefits from future carbon dioxide reductions
are discounted at 3 percent in the main analysis, even when intra-generational benefits

® In Table 1, and throughout this regulatory impact analysis, discounting is applied to all costs and benefits
with the exception of technology costs.

® Inter-generational benefits, which include reductions in the expected future economic damages caused by
increased global temperatures, a rise in sea levels, and other projected impacts of climate change, are
anticipated to extend over a period from approximately fifty to two hundred or more years in the future, and
will thus be experienced primarily by generations that are not now living.



are discounted at 7 percent. Sensitivity analyses in Chapter X consider other inter-
generational discount rates that accompany alternative estimates of the social cost of
carbon. Table 7 provides those estimates on an industry-wide basis at a 3 percent
discount rate and Table 10 provides the estimates at a 7 percent discount rate.

Net Benefits: Tables 8 and 11 compare total net benefits of each alternative at the 3
percent and 7 percent discount rates, respectively.

Fuel Savings: Tables 12a through 12c show the lifetime fuel savings in millions of
gallons.

Change in Electricity Consumption: Tables 12d through 12f show the lifetime net
change in electrical consumption, in gigawatt-hours.



Total Costs, Benefits, and Net Benefits

Table 2

Passenger Cars and Light Trucks
MY 2017-2025 Combined
(Millions of 2009 Dollars)

3% Discount Rate

Costs Benefits | Net Benefits
Preferred Alternative $177,579 | $521,818 $344,239
2% Annual Increase $88,020 | $335,246 $247,227
3% Annual Increase $149,653 | $492,767 $343,114
4% Annual Increase $229,057 | $622,223 $393,166
5% Annual Increase $321,534 | $738,940 $417,406
6% Annual Increase $398,370 | $812,452 $414,082
7% Annual Increase $441,397 | $865,036 $423,639
Max Net Benefits $280,743 | $680,178 $399,436
Total Cost = Total Benefit $346,613 | $768,632 $422,019
7% Discount Rate
Costs Benefits | Net Benefits
Preferred Alternative $168,563 | $423,961 $255,399
2% Annual Increase $82,201 | $272,101 $189,900
3% Annual Increase $141,196 | $399,948 $258,751
4% Annual Increase $218,471 | $504,750 $286,279
5% Annual Increase $308,881 | $599,605 $290,725
6% Annual Increase $384,088 | $659,091 $275,003
7% Annual Increase $426,176 | $701,740 $275,565
Max Net Benefits $238,380 | $513,724 $275,344
Total Cost = Total Benefit $325,725 | $616,689 $290,964
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Table 3a
Alternative CAFE Levels
Estimated Required Average for the Passenger Car Fleet, in mpg’

MY MY MY MY MY
Alternative 2017 2018 2019 2020 2021
Passenger Cars
Preferred Alternative 40.0 414 43.0 447 46.6
2% Annual Increase 39.4 40.2 411 41.9 42.8
3% Annual Increase 39.8 41.1 42.4 43.7 45.1
4% Annual Increase 40.2 419 43.7 45.6 475
5% Annual Increase 40.6 42.8 45.2 47.6 50.2
6% Annual Increase 411 43.8 46.7 49.7 53.0
7% Annual Increase 415 44.8 48.2 51.9 56.0
Max Net Benefits (3% Discount Rate) 43.6 45.7 46.9 48.1 48.6
Max Net Benefits (7% Discount Rate) 43.6 45.7 46.9 48.1 48.6
Total Cost = Total Benefit (3% Discount 44.8 46.7 48.1 49.6 50.7
Rate)
Total Cost = Total Benefit (7% Discount 44.8 46.7 48.1 49.6 50.7
Rate)
MY MY MY MY
Alternative 2022 2023 2024 2025
Passenger Cars
Preferred Alternative 48.8 51.0 53.5 56.0
2% Annual Increase 43.7 44.6 455 46.5
3% Annual Increase 46.5 48.0 49.5 51.1
4% Annual Increase 49.6 51.7 53.9 56.3
5% Annual Increase 52.9 55.8 58.8 62.0
6% Annual Increase 56.5 60.2 64.2 68.5
7% Annual Increase 60.4 65.1 70.2 75.7
Max Net Benefits (3% Discount Rate) 48.9 49.4 50.2 50.7
Max Net Benefits (7% Discount Rate) 48.9 49.4 50.2 50.7
Total Cost = Total Benefit (3% Discount Rate) 53.1 55.0 57.1 58.6
Total Cost = Total Benefit (7% Discount Rate) 53.1 55.0 57.1 58.6

" The choice of a 3 or 7 percent discount rate can impact the results of the Max Net Benefits and Total Cost
= Total Benefits scenarios. The results of all other scenarios are not impacted by choice of discount rate.
Results for both 3 and 7 percent discount rates are therefore presented for both Max Net Benefits and Total

Cost = Total Benefit scenarios.
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Table 3b
Alternative CAFE Levels
Estimated Required Average for the Light Truck Fleet, in mpg

MY MY MY MY MY
Alternative 2017 2018 2019 2020 2021
Light Trucks
Preferred Alternative 29.4 30.0 30.6 31.2 33.3
2% Annual Increase 30.1 30.8 31.6 32.1 32.8
3% Annual Increase 30.4 31.5 32.6 33.5 34.6
4% Annual Increase 30.6 32.1 33.6 35.0 36.5
5% Annual Increase 30.9 32.8 34.7 36.5 38.5
6% Annual Increase 31.3 33.5 35.8 38.1 40.7
7% Annual Increase 31.6 34.2 37.0 39.8 43.0
Max Net Benefits (3% Discount Rate) 34.0 35.6 375 39.8 40.9
Max Net Benefits (7% Discount Rate) 32.8 34.6 36.6 37.6 39.3
Total Cost = Total Benefit (3% Discount 349 36.0 379 39.2 405
Rate)
Total Cost = Total Benefit (7% Discount 343 36.0 379 39.2 405
Rate)
MY MY MY MY
Alternative 2022 2023 2024 2025
Light Trucks
Preferred Alternative 34.9 36.6 38.5 40.3
2% Annual Increase 33.5 34.3 35.1 35.8
3% Annual Increase 35.7 36.9 38.2 394
4% Annual Increase 38.1 39.8 41.6 43.4
5% Annual Increase 40.6 42.9 45.4 47.9
6% Annual Increase 43.4 46.3 49.5 52.8
7% Annual Increase 46.4 50.1 54.2 58.4
Max Net Benefits (3% Discount Rate) 41.8 43.0 44.2 47.3
Max Net Benefits (7% Discount Rate) 39.7 40.2 40.7 41.2
Total Cost = Total Benefit (3% Discount Rate) 41.1 43.4 45.4 46.6
Total Cost = Total Benefit (7% Discount Rate) 41.1 43.4 45.4 46.6
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Table 3c
Alternative CAFE Levels
Estimated Required Average for the Combined Fleet, in mpg

MY MY MY MY MY
Alternative 2017 2018 2019 2020 2021
Passenger Cars & Light Trucks
Preferred Alternative 35.3 36.4 375 38.8 40.9
2% Annual Increase 35.4 36.2 37.1 37.9 38.7
3% Annual Increase 35.7 37.0 38.2 39.5 40.8
4% Annual Increase 36.1 37.7 39.4 41.2 43.0
5% Annual Increase 36.4 38.5 40.7 43.0 45.4
6% Annual Increase 36.8 39.4 42.1 44.9 47.9
7% Annual Increase 37.2 40.3 43.5 46.9 50.6
Max Net Benefits (3% Discount Rate) 39.5 41.4 43.0 44.8 45.6
Max Net Benefits (7% Discount Rate) 38.9 40.9 42.6 43.8 44.9
;Z::; Cost = Total Benefit (3% Discount 40.2 421 43.9 45.4 46.6
Total Cost = Total Benefit (7% Discount 40.3 421 43.9 45.4 46.6
Rate)
MY MY MY MY
Alternative 2022 2023 2024 2025
Passenger Cars & Light Trucks
Preferred Alternative 42.9 45.0 47.3 49.6
2% Annual Increase 39.5 40.4 41.4 42.3
3% Annual Increase 42.1 435 45.0 46.5
4% Annual Increase 44.9 46.9 49.1 51.2
5% Annual Increase 47.9 50.6 53.5 56.5
6% Annual Increase 51.1 54.6 58.4 62.4
7% Annual Increase 54.6 59.0 63.8 69.0
Max Net Benefits (3% Discount Rate) 46.2 47.0 48.0 49.5
Max Net Benefits (7% Discount Rate) 45.2 45.8 46.5 47.1
Total Cost = Total Benefit (3% Discount Rate) 48.2 50.4 52.5 54.0

Total Cost = Total Benefit (7% Discount Rate) 48.2 50.4 52.5 54.0
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Table 3d
Estimated Required Preferred Alternative CAFE Levels
Projected Required Average for the Fleet, in gallons per 100 miles

MY MY MY MY MY

2017 2018 2019 2020 2021
Passenger Cars 25018 | 2.4129 | 2.3258 | 2.2390 | 2.1453
Light Trucks 3.4001 | 3.3285 | 3.2707 | 3.2037 | 2.9994
Combined 2.8325 | 2.7462 | 2.6644 | 25791 | 2.4452

MY MY MY MY

2022 2023 2024 2025
Passenger Cars 2.0493 | 1.9590 | 1.8705 | 1.7869
Light Trucks 2.8637 | 2.7286 | 2.5994 | 2.4795
Combined 23319 | 22218 | 2.1148 | 2.0161
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Table 4a
Alternative CAFE Levels
Projected Achieved Harmonic Average for the Passenger Car Fleet, in mpg®

MY MY MY MY MY
Alternative 2017 2018 2019 2020 2021
Passenger Cars
Preferred Alternative 38.8 40.6 42.7 44.6 46.1
2% Annual Increase 38.1 394 40.6 41.8 42.7
3% Annual Increase 38.5 40.3 42.0 43.7 449
4% Annual Increase 39.1 41.1 43.2 454 46.8
5% Annual Increase 39.8 42.1 44.4 46.9 49.1
6% Annual Increase 40.5 43.0 454 48.4 50.1
7% Annual Increase 40.9 43.6 46.1 49.2 50.6
Max Net Benefits (3% Discount Rate) 41.4 42.8 44.7 46.0 47.1
Max Net Benefits (7% Discount Rate) 41.3 42.7 44.6 46.0 47.0
;th; Cost = Total Benefit (3% Discount 421 43.7 453 46.9 48.7
Total Cost = Total Benefit (7% Discount 421 43.7 453 46.8 48.6
Rate)
MY MY MY MY
Alternative 2022 2023 2024 2025
Passenger Cars
Preferred Alternative 47.2 48.8 50.5 52.7
2% Annual Increase 43.3 43.8 44.5 45.1
3% Annual Increase 45.9 46.7 47.8 49.2
4% Annual Increase 47.8 49.0 51.0 52.8
5% Annual Increase 50.1 51.7 55.2 57.5
6% Annual Increase 51.2 53.2 57.9 61.0
7% Annual Increase 52.4 55.4 59.6 62.9
Max Net Benefits (3% Discount Rate) 47.4 48.0 48.5 49.2
Max Net Benefits (7% Discount Rate) 47.4 47.8 48.4 49.1
Total Cost = Total Benefit (3% Discount Rate) 50.2 52.1 53.9 55.6
Total Cost = Total Benefit (7% Discount Rate) 49.5 51.6 53.4 55.0

& The choice of a 3 or 7 percent discount rate can impact the results of the Max Net Benefits and Total Cost
= Total Benefits scenarios. The results of all other scenarios are not impacted by choice of discount rate.
Results for both 3 and 7 percent discount rates are therefore presented for both Max Net Benefits and Total
Cost = Total Benefit scenarios.
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Table 4b
Alternative CAFE Levels
Projected Achieved Harmonic Average for the Light Truck Fleet, in mpg

MY MY MY MY MY
Alternative 2017 2018 2019 2020 2021
Light Trucks
Preferred Alternative 29.0 30.1 31.8 33.0 34.8
2% Annual Increase 29.4 30.3 31.7 32.4 33.4
3% Annual Increase 29.7 31.1 32.7 33.9 35.3
4% Annual Increase 30.2 31.8 33.9 35.4 37.2
5% Annual Increase 30.7 32.4 34.7 36.6 38.7
6% Annual Increase 31.3 33.1 35.8 37.9 39.5
7% Annual Increase 31.6 33.5 36.2 38.3 39.7
Max Net Benefits (3% Discount Rate) 32.5 33.7 35.6 37.2 39.0
Max Net Benefits (7% Discount Rate) 31.9 33.1 35.0 36.2 38.0
;th; Cost = Total Benefit (3% Discount 395 33.7 356 379 39.0
;ZEZ; Cost = Total Benefit (7% Discount 396 33.7 35.6 372 39.0
MY MY MY MY
Alternative 2022 2023 2024 2025
Light Trucks
Preferred Alternative 35.5 36.3 37.4 38.6
2% Annual Increase 33.7 34.2 34.7 35.0
3% Annual Increase 36.1 36.6 375 38.4
4% Annual Increase 38.2 39.3 40.2 41.6
5% Annual Increase 39.8 40.9 42.8 44.4
6% Annual Increase 40.6 41.8 43.5 45.3
7% Annual Increase 414 42.8 44.9 46.0
Max Net Benefits (3% Discount Rate) 39.5 40.7 42.2 43.9
Max Net Benefits (7% Discount Rate) 38.5 39.3 39.8 40.1
Total Cost = Total Benefit (3% Discount Rate) 39.6 41.0 42,5 44.4

Total Cost = Total Benefit (7% Discount Rate) 39.6 41.0 42.5 44.4
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Table 4c
Alternative CAFE Levels
Projected Achieved Harmonic Average for the Combined Fleet, in mpg

MY MY MY MY MY
Alternative 2017 2018 2019 2020 2021
Passenger Cars & Light Trucks
Preferred Alternative 34.5 36.0 38.0 39.7 41.4
2% Annual Increase 34.4 35.5 36.9 37.9 38.9
3% Annual Increase 34.7 36.4 38.2 39.7 41.0
4% Annual Increase 35.3 37.1 39.3 41.3 42.9
5% Annual Increase 35.9 38.0 40.4 42.6 44.8
6% Annual Increase 36.5 38.8 41.4 44,1 45.8
7% Annual Increase 36.9 39.3 42.0 44,7 46.1
Max Net Benefits (3% Discount Rate) 37.6 39.0 41.0 42.5 43.9
Max Net Benefits (7% Discount Rate) 37.3 38.6 40.7 42.0 43.4
;Z::; Cost = Total Benefit (3% Discount 38.0 395 413 42.9 44.8
Total Cost = Total Benefit (7% Discount 38.0 395 413 42.9 44.8
Rate)
MY MY MY MY
Alternative 2022 2023 2024 2025
Passenger Cars & Light Trucks
Preferred Alternative 42.4 43.7 45.2 47.0
2% Annual Increase 39.4 40.0 40.7 41.2
3% Annual Increase 419 42.7 43.7 45.0
4% Annual Increase 44.0 45.2 46.8 48.5
5% Annual Increase 46.0 47.4 50.3 52.4
6% Annual Increase 46.9 48.7 52.1 54.7
7% Annual Increase 47.9 50.3 53.7 56.1
Max Net Benefits (3% Discount Rate) 44.4 45.2 46.2 47.3
Max Net Benefits (7% Discount Rate) 43.9 445 45.2 45.7
Total Cost = Total Benefit (3% Discount Rate) 45.9 47.7 49.5 51.3

Total Cost = Total Benefit (7% Discount Rate) 45,5 47.4 49.2 51.0
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Table 4d
Preferred Alternative CAFE Levels
Projected Achieved Harmonic Average for the Fleet, in gallons per 100 miles

MY MY MY MY MY
2017 2018 2019 2020 2021

Passenger Cars 2.5792 | 2.4649 | 2.3445 | 2.2425 | 21714
Light Trucks 3.4483 | 3.3220 | 3.1429 | 3.0347 | 2.8735
Combined 2.8991 | 2.7770 | 2.6306 | 2.5218 | 2.4179

MY MY MY MY
2022 2023 2024 2025

Passenger Cars 21188 | 2.0482 | 1.9788 | 1.8960

Light Trucks 28136 | 2.7553 | 2.6719 | 2.5898

Combined 2.3599 | 2.2897 | 2.2111 | 2.1256
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Table 5a
Average Incremental Technology Costs or Fines Per Vehicle®
Passenger Cars (2009 Dollars)

MY MY MY MY MY
Alternative 2017 2018 2019 2020 2021
Passenger Cars
Preferred Alternative $151 $342 $563 $812 $1,041
2% Annual Increase $60 $155 $257 $353 $431
3% Annual Increase $103 $270 $438 $622 $778
4% Annual Increase $216 $447 $683 $961 $1,175
5% Annual Increase $378 $682 $939 $1,278 | $1,719
6% Annual Increase $549 $940 $1,243 | $1,708 | $2,034
7% Annual Increase $637 $1,086 | $1,409 | $1,926 | $2,243
Max Net Benefits (3% Discount Rate) $684 $837 $1,166 | $1,274 | $1,346
Max Net Benefits (7% Discount Rate) $677 $832 $1,158 | $1,267 | $1,339
;Z::; Cost = Total Benefit (3% Discount $873 $1000 | $1.243 | $1.405 | $1.638
;Z:g; Cost = Total Benefit (7% Discount $873 $1000 | $1.237 | $1.402 | $1.632
MY MY MY MY
Alternative 2022 2023 2024 2025
Passenger Cars
Preferred Alternative $1,203 | $1,520 | $1,803 | $2,040
2% Annual Increase $502 $552 $642 $693
3% Annual Increase $894 $1,010 | $1,159 | $1,343
4% Annual Increase $1,323 | $1,568 | $1,950 | $2,101
5% Annual Increase $1,928 | $2,241 | $3,117 | $3,103
6% Annual Increase $2,373 | $2,897 | $4,207 | $4,086
7% Annual Increase $2,757 | $3,691 | $4,813 | $4,746
Max Net Benefits (3% Discount Rate) $1,355 | $1,408 | $1,463 | $1,433
Max Net Benefits (7% Discount Rate) $1,348 | $1,387 | $1,457 | $1,435
Total Cost = Total Benefit (3% Discount Rate) $2,049 | $2,490 | $2,847 | $2,722
Total Cost = Total Benefit (7% Discount Rate) $1,838 | $2,316 | $2,698 | $2,616

° The choice of a 3 or 7 percent discount rate can impact the results of the Max Net Benefits and Total Cost
= Total Benefits scenarios. The results of all other scenarios are not impacted by choice of discount rate.
Results for both 3 and 7 percent discount rates are therefore presented for both Max Net Benefits and Total

Cost = Total Benefit scenarios.
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Table 5b
Average Incremental Technology Costs or Fines Per Vehicle
Light Trucks (2009 Dollars)

MY MY MY MY MY
Alternative 2017 2018 2019 2020 2021
Light Trucks
Preferred Alternative $57 $180 $362 $528 $767
2% Annual Increase $117 $210 $325 $403 $480
3% Annual Increase $190 $336 $487 $681 $871
4% Annual Increase $319 $536 $846 $1,203 | $1,524
5% Annual Increase $473 $790 $1,188 | $1,663 | $2,124
6% Annual Increase $740 $1,150 | $1,625 | $2,225 | $2,540
7% Annual Increase $903 $1,309 | $1,771 | $2,382 | $2,646
Max Net Benefits (3% Discount Rate) $1,307 | $1,475 | $1,686 | $2,056 | $2,319
Max Net Benefits (7% Discount Rate) $1,057 | $1,220 | $1,449 | $1,640 | $1,891
;th; Cost = Total Benefit (3% Discount $1305 | $1481 | $1.680 | $2.051 | $2.329
;ZEZ; Cost = Total Benefit (7% Discount $1315 | $1485 | $1.694 | $2.055 | $2.322
MY MY MY MY
Alternative 2022 2023 2024 2025
Light Trucks
Preferred Alternative $877 $997 $1,169 | $1,384
2% Annual Increase $517 $573 $636 $661
3% Annual Increase $982 $1,069 | $1,202 | $1,344
4% Annual Increase $1,690 | $1,953 | $2,109 | $2,356
5% Annual Increase $2,353 | $2,663 | $3,314 | $3,467
6% Annual Increase $2,832 | $3,250 | $3,854 | $4,048
7% Annual Increase $3,267 | $3,743 | $4,525 | $4,450
Max Net Benefits (3% Discount Rate) $2,424 | $2,736 | $3,147 | $3,419
Max Net Benefits (7% Discount Rate) $1,930 | $2,026 | $2,118 | $2,032
Total Cost = Total Benefit (3% Discount Rate) $2,413 | $2,845 | $3,301 | $3,461
Total Cost = Total Benefit (7% Discount Rate) $2,407 | $2,849 | $3,309 | $3,471
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Table 5¢
Average Incremental Technology Costs or Fines Per Vehicle
Combined (2009 Dollars)

MY MY MY MY MY
Alternative 2017 2018 2019 2020 2021
Passenger Cars & Light Trucks
Preferred Alternative $117 $283 $491 $712 $945
2% Annual Increase $81 $175 $281 $371 $448
3% Annual Increase $135 $294 $456 $643 $810
4% Annual Increase $254 $479 $741 $1,046 | $1,297
5% Annual Increase $413 $722 $1,028 | $1,414 | $1,862
6% Annual Increase $619 $1,016 | $1,380 | $1,890 | $2,212
7% Annual Increase $735 $1,167 | $1,539 | $2,087 | $2,384
Max Net Benefits (3% Discount Rate) $913 $1,070 | $1,352 | $1,550 | $1,688
Max Net Benefits (7% Discount Rate) $817 $973 $1,262 | $1,399 | $1,533
;th; Cost = Total Benefit (3% Discount $1032 | $1.232 | $1.403 | $1.633 | $1.880
;ZEZ; Cost = Total Benefit (7% Discount $1.036 | $1.234 | $1.401 | $1.632 | $1.874
MY MY MY MY
Alternative 2022 2023 2024 2025
Passenger Cars & Light Trucks
Preferred Alternative $1,090 | $1,342 | $1,591 | $1,823
2% Annual Increase $507 $559 $640 $683
3% Annual Increase $925 $1,030 | $1,173 | $1,344
4% Annual Increase $1,451 | $1,699 | $2,003 | $2,186
5% Annual Increase $2,075 | $2,381 | $3,183 | $3,223
6% Annual Increase $2,533 | $3,018 | $4,089 | $4,073
7% Annual Increase $2,934 | $3,709 | $4,716 | $4,648
Max Net Benefits (3% Discount Rate) $1,726 | $1,861 | $2,027 | $2,090
Max Net Benefits (7% Discount Rate) $1,550 | $1,605 | $1,679 | $1,633
Total Cost = Total Benefit (3% Discount Rate) $2,175 | $2,611 | $2,999 | $2,967
Total Cost = Total Benefit (7% Discount Rate) $2,035 | $2,498 | $2,903 | $2,899
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Table 6a
Incremental Total Costs by Societal Perspective'®, by Alternative
Passenger Cars, 3% Discount Rate
(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars
Preferred Alternative $2,084 | $4,438 | $7,387 | $10,687 | $13,646
2% Annual Increase $903 $2,175 | $3,631 | $5,074 $6,270
3% Annual Increase $1,501 | $3,656 | $5,944 | $8,496 $10,641
4% Annual Increase $2,869 | $5,658 | $8,722 | $12,378 | $15,189
5% Annual Increase $4,765 | $8,300 | $11,645 | $15,996 | $21,485
6% Annual Increase $6,720 | $11,114 | $14,888 | $20,745 | $24,643
7% Annual Increase $7,778 | $12,706 | $16,630 | $22,949 $26,114
Max Net Benefits $8,242 $9,939 | $13,837 | $15,679 $17,108
Total Cost = Total Benefit $10,185 | $12,707 | $14,531 | $16,900 | $20,081

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars
Preferred Alternative $15,928 | $20,201 | $24,329 | $28,590 | $127,289
2% Annual Increase $7,381 | $8,270 | $9,772 | $10,932 | $54,407
3% Annual Increase $12,407 | $14,188 | $16,599 | $19,728 | $93,159
4% Annual Increase $17,338 | $20,728 | $26,183 | $29,272 | $138,337
5% Annual Increase $24,264 | $28,598 | $40,437 | $42,329 | $197,819
6% Annual Increase $28,631 | $35,382 | $54,306 | $55,339 | $251,768
7% Annual Increase $31,378 | $43,568 | $59,906 | $61,921 | $282,950
Max Net Benefits $17,716 | $18,916 | $20,233 | $20,848 | $142,517
Total Cost = Total Benefit $24,940 | $31,743 | $37,364 | $37,809 | $206,259

10 «gocietal perspective” includes technology costs and societal costs, but does not include payment of civil
penalties by manufacturers in lieu of compliance with the CAFE standards.



22

Table 6b

Incremental Total Costs by Societal Perspective, by Alternative

Light Trucks, 3% Discount Rate
(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Light Trucks
Preferred Alternative $487 $1,473 | $2,998 | $4,284 $6,200
2% Annual Increase $965 $1,707 | $2,741 | $3,385 $4,148
3% Annual Increase $1,527 | $2,666 | $3,950 | $5,380 $6,897
4% Annual Increase $2,464 $4,022 | $6,265 | $8,680 $11,053
5% Annual Increase $3,510 | $5,650 | $8,366 | $11,507 | $14,798
6% Annual Increase $5,270 | $7,906 | $11,081 | $14,955 | $17,276
7% Annual Increase $6,298 $8,888 | $11,960 | $15,852 $17,533
Max Net Benefits $8,777 $9,847 | $11,314 | $13,683 $15,633
Total Cost = Total Benefit $8,738 | $9,875 | $11,324 | $13,643 | $15,766

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Light Trucks
Preferred Alternative $7,070 $7,909 | $9,150 | $10,720 | $50,290
2% Annual Increase $4510 | $4,962 | $5,466 | $5,727 $33,612
3% Annual Increase $7,791 | $8,407 | $9,363 | $10,512 | $56,494
4% Annual Increase $12,318 | $14,014 | $15,053 | $16,852 | $90,720
5% Annual Increase $16,419 | $18,008 | $22,139 | $23,318 | $123,714
6% Annual Increase $19,048 | $21,252 | $24,302 | $25,513 | $146,602
7% Annual Increase $20,706 | $23,318 | $27,363 | $26,529 | $158,447
Max Net Benefits $16,360 | $18,460 | $21,140 | $23,012 | $138,225
Total Cost = Total Benefit $16,450 | $19,110 | $21,831 | $23,616 | $140,353
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Table 6¢

Incremental Total Costs by Societal Perspective, by Alternative

Combined, 3% Discount Rate
(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars & Light Trucks
Preferred Alternative $2,571 | $5,910 | $10,386 | $14,971 | $19,845
2% Annual Increase $1,868 | $3,883 | $6,372 | $8,459 $10,418
3% Annual Increase $3,028 | $6,322 | $9,894 | $13,875 | $17,538
4% Annual Increase $5,332 | $9,680 | $14,987 | $21,058 | $26,242
5% Annual Increase $8,275 | $13,949 | $20,012 | $27,502 | $36,284
6% Annual Increase $11,990 | $19,020 | $25,969 | $35,699 | $41,919
7% Annual Increase $14,076 | $21,594 | $28,590 | $38,801 $43,647
Max Net Benefits $17,019 | $19,786 | $25,151 | $29,362 $32,741
Total Cost = Total Benefit $18,923 | $22,582 | $25,855 | $30,544 | $35,847

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars & Light Trucks
Preferred Alternative $22,998 | $28,110 | $33,479 | $39,310 | $177,579
2% Annual Increase $11,891 | $13,233 | $15,238 | $16,659 | $88,020
3% Annual Increase $20,199 | $22,595 | $25,962 | $30,240 | $149,653
4% Annual Increase $29,657 | $34,743 | $41,235 | $46,123 | $229,057
5% Annual Increase $40,683 | $46,606 | $62,576 | $65,647 | $321,534
6% Annual Increase $47,679 | $56,634 | $78,608 | $80,852 | $398,370
7% Annual Increase $52,084 | $66,887 | $87,269 | $88,450 | $441,397
Max Net Benefits $34,076 | $37,376 | $41,373 | $43,860 | $280,743
Total Cost = Total Benefit $41,390 | $50,853 | $59,195 | $61,425 | $346,613
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Table 7a
Present Value of Lifetime Societal Benefits™, by Alternative
Passenger Cars, (3% Discount Rate)

(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars
Preferred Alternative $6,750 | $12,833 | $20,672 | $28,358 | $34,294
2% Annual Increase $3,622 | $7,262 | $11,776 | $16,236 | $20,143
3% Annual Increase $5,598 | $11,552 | $18,161 | $24,751 | $30,143
4% Annual Increase $8,455 | $15,431 | $23,139 | $31,481 $37,386
5% Annual Increase $11,534 | $19,215 | $27,671 | $36,976 | $44,980
6% Annual Increase $14,548 | $22,794 | $31,282 | $41,881 | $48,717
7% Annual Increase $16,797 | $25,535 | $34,187 | $44,924 | $50,687
Max Net Benefits $18,546 | $21,999 | $28,842 | $33,951 $38,758
Total Cost = Total Benefit $21,088 | $25,817 | $31,085 | $36,734 | $44,172

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars
Preferred Alternative $39,805 | $47,859 | $56,388 | $66,112 | $313,071
2% Annual Increase $23,604 | $26,497 | $30,911 | $34,501 | $174,553
3% Annual Increase $34,857 | $39,406 | $45,496 | $52,720 | $262,683
4% Annual Increase $42,556 | $48,624 | $57,757 | $66,009 | $330,837
5% Annual Increase $50,012 | $57,048 | $71,273 | $80,929 | $399,638
6% Annual Increase $54,124 | $62,710 | $80,526 | $92,493 | $449,074
7% Annual Increase $58,268 | $70,271 | $85,920 | $98,104 | $484,693
Max Net Benefits $41,099 | $44,553 | $48,402 | $52,662 | $328,812
Total Cost = Total Benefit $50,911 | $60,049 | $68,539 | $76,016 | $414,411

! These benefits are considered from a “societal perspective” because they include externalities. They are
distinguished from a consumer perspective, because consumers generally would not think about the value
of carbon dioxide, energy security, etc.



25

Table 7b
Present Value of Lifetime Societal Benefits, by Alternative
Light Trucks, (3% Discount Rate)

(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Light Trucks
Preferred Alternative $2,137 | $6,369 | $13,480 | $18,546 | $26,283
2% Annual Increase $4,051 $7,459 | $12,945 | $15,888 | $20,031
3% Annual Increase $6,022 | $11,100 | $17,537 | $22,627 | $28,308
4% Annual Increase $8,732 | $14,377 | $22,226 | $28,652 | $35,476
5% Annual Increase $10,894 | $17,210 | $25,370 | $32,751 | $41,140
6% Annual Increase $13,815 | $19,716 | $28,961 | $37,255 | $43,344
7% Annual Increase $15,023 | $21,118 | $30,523 | $38,472 | $43,510
Max Net Benefits $19,388 | $22,289 | $28,681 | $34,513 | $41,336
Total Cost = Total Benefit $19,456 | $22,218 | $28,575 | $34,503 | $41,455

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Light Trucks
Preferred Alternative $29,699 | $32,701 | $37,346 | $42,187 | $208,747
2% Annual Increase $21,938 | $24,108 | $26,288 | $27,986 | $160,694
3% Annual Increase $31,730 | $34,024 | $37,551 | $41,185 | $230,084
4% Annual Increase $39,695 | $43,420 | $46,721 | $52,086 | $291,385
5% Annual Increase $45,536 | $49,305 | $55,738 | $61,358 | $339,302
6% Annual Increase $47,477 | $51,776 | $57,416 | $63,617 | $363,378
7% Annual Increase $49,951 | $54,628 | $61,530 | $65,588 | $380,343
Max Net Benefits $44,002 | $48,274 | $53,343 | $59,539 | $351,366
Total Cost = Total Benefit $44,073 | $49,063 | $54,118 | $60,760 | $354,221
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Table 7c
Present Value of Lifetime Societal Benefits, by Alternative

Combined, (3% Discount Rate)
(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars & Light Trucks
Preferred Alternative $8,887 | $19,202 | $34,152 | $46,905 $60,577
2% Annual Increase $7,674 $14,721 | $24,721 | $32,124 $40,175
3% Annual Increase $11,621 | $22,652 | $35,698 | $47,378 $58,450
4% Annual Increase $17,188 | $29,808 | $45,365 | $60,132 $72,862
5% Annual Increase $22,429 | $36,424 | $53,041 | $69,727 $86,120
6% Annual Increase $28,363 | $42,511 | $60,243 | $79,135 $92,061
7% Annual Increase $31,821 | $46,653 | $64,710 | $83,396 $94,197
Max Net Benefits $37,934 | $44,288 | $57,523 | $68,464 $80,094
Total Cost = Total Benefit $40,543 | $48,035 | $59,661 | $71,237 $85,627

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars & Light Trucks
Preferred Alternative $69,504 | $80,560 | $93,734 | $108,299 | $521,818
2% Annual Increase $45,542 | $50,604 | $57,199 | $62,487 | $335,246
3% Annual Increase $66,587 | $73,430 | $83,047 | $93,905 | $492,767
4% Annual Increase $82,251 | $92,044 | $104,478 | $118,095 | $622,223
5% Annual Increase $95,548 | $106,353 | $127,011 | $142,287 | $738,940
6% Annual Increase $101,601 | $114,486 | $137,942 | $156,109 | $812,452
7% Annual Increase $108,219 | $124,898 | $147,451 | $163,692 | $865,036
Max Net Benefits $85,101 | $92,827 | $101,746 | $112,202 | $680,178
Total Cost = Total Benefit $94,984 | $109,112 | $122,656 | $136,776 | $768,632
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Table 8a
Present VValue of Net Total Benefits'? by Alternative
Passenger Cars, (3% Discount Rate)
(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars
Preferred Alternative $4,666 | $8,396 | $13,285 | $17,671 | $20,648
2% Annual Increase $2,719 | $5,087 | $8,145 | $11,163 | $13,874
3% Annual Increase $4,097 | $7,896 | $12,217 | $16,255 $19,502
4% Annual Increase $5,587 | $9,772 | $14,417 | $19,103 | $22,197
5% Annual Increase $6,770 | $10,915 | $16,026 | $20,981 | $23,494
6% Annual Increase $7,828 | $11,680 | $16,394 | $21,136 | $24,074
7% Annual Increase $9,019 | $12,829 | $17,557 | $21,975 | $24,573
Max Net Benefits $10,304 | $12,060 | $15,005 | $18,272 $21,650
Total Cost = Total Benefit $10,902 | $13,110 | $16,554 | $19,833 | $24,091

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars
Preferred Alternative $23,877 | $27,658 | $32,059 | $37,522 | $185,782
2% Annual Increase $16,223 | $18,226 | $21,139 | $23,570 | $120,145
3% Annual Increase $22,450 | $25,217 | $28,897 | $32,992 | $169,524
4% Annual Increase $25,218 | $27,896 | $31,575 | $36,737 | $192,501
5% Annual Increase $25,748 | $28,449 | $30,836 | $38,600 | $201,819
6% Annual Increase $25,493 | $27,328 | $26,220 | $37,154 | $197,306
7% Annual Increase $26,890 | $26,702 | $26,014 | $36,183 | $201,743
Max Net Benefits $23,383 | $25,636 | $28,169 | $31,815 | $186,295
Total Cost = Total Benefit $25,971 | $28,307 | $31,175 | $38,207 | $208,151

'2 This table is from a societal perspective, thus, civil penalties are deleted from the costs because they are a
transfer payment (from manufacturers to the U.S. Treasury).
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Table 8b

Present Value of Net Total Benefits by Alternative

Light Trucks, (3% Discount Rate)
(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Light Trucks
Preferred Alternative $1,650 | $4,896 | $10,482 | $14,262 | $20,084
2% Annual Increase $3,087 | $5,752 | $10,204 | $12,503 $15,883
3% Annual Increase $4,495 | $8,434 | $13,587 | $17,247 | $21,411
4% Annual Increase $6,269 | $10,355 | $15,961 | $19,972 $24,424
5% Annual Increase $7,384 | $11,560 | $17,004 | $21,244 | $26,342
6% Annual Increase $8,545 | $11,810 | $17,880 | $22,300 | $26,068
7% Annual Increase $8,725 | $12,230 | $18,563 | $22,620 $25,977
Max Net Benefits $10,611 | $12,442 | $17,367 | $20,830 $25,703
Total Cost = Total Benefit $10,718 | $12,343 | $17,252 | $20,860 $25,688

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Light Trucks
Preferred Alternative $22,629 | $24,791 | $28,196 | $31,467 | $158,457
2% Annual Increase $17,428 | $19,145 | $20,822 | $22,258 | $127,082
3% Annual Increase $23,939 | $25,617 | $28,188 | $30,672 | $173,590
4% Annual Increase $27,376 | $29,406 | $31,668 | $35,235 | $200,665
5% Annual Increase $29,117 | $31,297 | $33,599 | $38,041 | $215,587
6% Annual Increase $28,430 | $30,524 | $33,114 | $38,103 | $216,776
7% Annual Increase $29,245 | $31,309 | $34,167 | $39,060 | $221,896
Max Net Benefits $27,642 | $29,815 | $32,204 | $36,527 | $213,141
Total Cost = Total Benefit $27,623 | $29,953 | $32,286 | $37,144 | $213,868
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Table 8c
Present Value of Net Total Benefits by Alternative

Combined, (3% Discount Rate)

(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars & Light Trucks
Preferred Alternative $6,316 | $13,291 | $23,766 | $31,934 | $40,732
2% Annual Increase $5,806 | $10,838 | $18,349 | $23,666 $29,757
3% Annual Increase $8,592 | $16,330 | $25,803 | $33,503 | $40,913
4% Annual Increase $11,855 | $20,128 | $30,378 | $39,075 | $46,620
5% Annual Increase $14,154 | $22,475 | $33,030 | $42,225 | $49,836
6% Annual Increase $16,373 | $23,491 | $34,274 | $43,436 | $50,142
7% Annual Increase $17,744 | $25,059 | $36,120 | $44,595 $50,550
Max Net Benefits $20,915 | $24,502 | $32,372 | $39,103 $47,353
Total Cost = Total Benefit $21,620 | $25,453 | $33,806 | $40,694 | $49,780

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars & Light Trucks
Preferred Alternative $46,506 | $52,450 | $60,255 | $68,989 | $344,239
2% Annual Increase $33,651 | $37,371 | $41,961 | $45,828 | $247,227
3% Annual Increase $46,388 | $50,835 | $57,085 | $63,665 | $343,114
4% Annual Increase $52,594 | $57,301 | $63,243 | $71,972 | $393,166
5% Annual Increase $54,865 | $59,746 | $64,435 | $76,640 | $417,406
6% Annual Increase $53,922 | $57,852 | $59,334 | $75,257 | $414,082
7% Annual Increase $56,135 | $58,012 | $60,181 | $75,242 | $423,639
Max Net Benefits $51,025 | $55,451 | $60,373 | $68,342 | $399,436
Total Cost = Total Benefit $53,594 | $58,259 | $63,462 | $75,351 | $422,019
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Table 9a
Incremental Total Costs by Societal Perspective®®, by Alternative
Passenger Cars, 7% Discount Rate
(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars
Preferred Alternative $1,952 | $4,190 | $6,990 | $10,151 | $12,998
2% Annual Increase $832 $2,033 | $3,400 | $4,760 $5,884
3% Annual Increase $1,390 | $3,431 | $5,593 | $8,024 $10,072
4% Annual Increase $2,704 | $5,365 | $8,281 | $11,786 | $14,489
5% Annual Increase $4,537 | $7,932 | $11,118 | $15,300 | $20,627
6% Annual Increase $6,438 | $10,673 | $14,283 | $19,946 | $23,726
7% Annual Increase $7,456 | $12,220 | $15,980 | $22,103 | $25,166
Max Net Benefits $7,808 $9,439 | $13,194 | $14,978 | $16,298
Total Cost = Total Benefit $9,777 | $12,214 | $13,975 | $16,168 | $19,157

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars
Preferred Alternative $15,182 | $19,320 | $23,300 | $27,379 | $121,462
2% Annual Increase $6,932 $7,769 | $9,191 | $10,283 $51,083
3% Annual Increase $11,754 | $13,454 | $15,756 | $18,751 | $88,226
4% Annual Increase $16,546 | $19,831 | $25,123 | $28,054 | $132,178
5% Annual Increase $23,316 | $27,525 | $39,107 | $40,819 | $190,281
6% Annual Increase $27,612 | $34,198 | $52,730 | $53,485 | $243,091
7% Annual Increase $30,293 | $42,227 | $58,185 | $59,894 | $273,523
Max Net Benefits $16,873 | $17,824 | $19,262 | $19,898 | $135,574
Total Cost = Total Benefit $21,552 | $28,551 | $34,276 | $35,020 | $190,689

13 «Societal perspective” includes technology costs and societal costs, but does not include civil penalties.
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Table 9b

Incremental Total Costs by Societal Perspective, by Alternative

Light Trucks, 7% Discount Rate
(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Light Trucks
Preferred Alternative $453 $1,373 | $2,785 | $3,996 $5,794
2% Annual Increase $900 $1,589 | $2,535 | $3,135 $3,835
3% Annual Increase $1,432 | $2,492 | $3,674 | $5,028 $6,460
4% Annual Increase $2,327 $3,797 | $5,918 | $8,240 $10,510
5% Annual Increase $3,339 | $5,381 | $7,971 | $11,005 | $14,174
6% Annual Increase $5,053 | $7,582 | $10,615 | $14,373 | $16,601
7% Annual Increase $6,062 $8,542 | $11,472 | $15,248 | $16,853
Max Net Benefits $6,996 $7,931 | $9,457 | $10,754 $12,590
Total Cost = Total Benefit $8,476 | $9,542 | $10,900 | $13,125 | $15,077

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Light Trucks
Preferred Alternative $6,615 | $7,411 | $8,587 | $10,086 | $47,101
2% Annual Increase $4,170 | $4,591 | $5,063 | $5,301 $31,119
3% Annual Increase $7,305 | $7,889 | $8,797 | $9,892 $52,970
4% Annual Increase $11,716 | $13,357 | $14,352 | $16,076 | $86,292
5% Annual Increase $15,733 | $17,269 | $21,314 | $22,414 | $118,599
6% Annual Increase $18,310 | $20,457 | $23,437 | $24,572 | $140,998
7% Annual Increase $19,956 | $22,500 | $26,455 | $25,565 | $152,653
Max Net Benefits $12,973 | $13,703 | $14,377 | $14,024 | $102,806
Total Cost = Total Benefit $15,727 | $18,372 | $21,063 | $22,752 | $135,035
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Table 9c
Incremental Total Costs by Societal Perspective, by Alternative

Combined, 7% Discount Rate

(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars & Light Trucks
Preferred Alternative $2,405 | $5,564 | $9,775 | $14,147 | $18,792
2% Annual Increase $1,731 | $3,622 | $5,935 | $7,895 $9,719
3% Annual Increase $2,822 | $5,923 | $9,267 | $13,053 | $16,533
4% Annual Increase $5,031 $9,162 | $14,199 | $20,026 | $24,999
5% Annual Increase $7,876 | $13,313 | $19,089 | $26,305 | $34,801
6% Annual Increase $11,491 | $18,255 | $24,898 | $34,319 | $40,327
7% Annual Increase $13,518 | $20,762 | $27,452 | $37,351 $42,019
Max Net Benefits $14,804 | $17,369 | $22,651 | $25,732 $28,888
Total Cost = Total Benefit $18,253 | $21,756 | $24,875 | $29,294 | $34,234

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars & Light Trucks
Preferred Alternative $21,797 | $26,731 | $31,886 | $37,465 | $168,563
2% Annual Increase $11,101 | $12,360 | $14,253 | $15,584 | $82,201
3% Annual Increase $19,060 | $21,343 | $24,552 | $28,643 | $141,196
4% Annual Increase $28,262 | $33,188 | $39,474 | $44,130 | $218,471
5% Annual Increase $39,049 | $44,795 | $60,420 | $63,233 | $308,881
6% Annual Increase $45,921 | $54,654 | $76,166 | $78,057 | $384,088
7% Annual Increase $50,249 | $64,726 | $84,640 | $85,458 | $426,176
Max Net Benefits $29,846 | $31,527 | $33,639 | $33,923 | $238,380
Total Cost = Total Benefit $37,279 | $46,922 | $55,340 | $57,772 | $325,725
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Table 10a
Present Value of Lifetime Societal Benefits*, by Alternative
Passenger Cars, (7% Discount Rate)

(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars
Preferred Alternative $5,504 | $10,466 | $16,889 | $23,167 | $28,042
2% Annual Increase $2,953 | $5,923 | $9,622 | $13,265 | $16,475
3% Annual Increase $4,570 | $9,429 | $14,843 | $20,227 | $24,656
4% Annual Increase $6,894 | $12,580 | $18,901 | $25,714 | $30,562
5% Annual Increase $9,402 | $15,660 | $22,593 | $30,195 | $36,764
6% Annual Increase $11,860 | $18,576 | $25,531 | $34,194 | $39,820
7% Annual Increase $13,694 | $20,822 | $27,918 | $36,693 | $41,439
Max Net Benefits $14,994 | $17,744 | $23,379 | $27,656 $31,492
Total Cost = Total Benefit $17,186 | $21,046 | $25,303 | $29,954 | $36,030

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars
Preferred Alternative $32,579 | $39,157 | $46,184 | $54,199 | $256,188
2% Annual Increase $19,329 | $21,712 | $25,357 | $28,327 | $142,964
3% Annual Increase $28,538 | $32,287 | $37,316 | $43,271 | $215,136
4% Annual Increase $34,828 | $39,799 | $47,324 | $54,135 | $270,737
5% Annual Increase $40,916 | $46,723 | $58,396 | $66,356 | $327,006
6% Annual Increase $44,287 | $51,320 | $65,945 | $75,812 | $367,345
7% Annual Increase $47,683 | $57,520 | $70,373 | $80,417 | $396,559
Max Net Benefits $33,410 | $35,960 | $39,361 | $42,961 | $266,956
Total Cost = Total Benefit $39,729 | $47,479 | $54,739 | $60,797 | $332,264

' These benefits are considered from a “societal perspective” because they include externalities. They are
distinguished from a consumer perspective, because consumers generally would not think about the value
of carbon dioxide, energy security, etc.



34

Table 10b
Present Value of Lifetime Societal Benefits, by Alternative
Light Trucks, (7% Discount Rate)

(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Light Trucks
Preferred Alternative $1,714 | $5,110 | $10,792 | $14,881 | $21,096
2% Annual Increase $3,238 | $5,971 | $10,366 | $12,741 | $16,080
3% Annual Increase $4,815 | $8,896 | $14,042 | $18,150 | $22,711
4% Annual Increase $6,980 | $11,515 | $17,798 | $22,990 | $28,464
5% Annual Increase $8,709 | $13,782 | $20,310 | $26,277 | $33,041
6% Annual Increase $11,042 | $15,767 | $23,168 | $29,874 | $34,786
7% Annual Increase $12,007 | $16,890 | $24,408 | $30,838 | $34,884
Max Net Benefits $13,347 | $15,816 | $21,135 | $24,755 | $30,508
Total Cost = Total Benefit $15,633 | $17,816 | $22,922 | $27,708 | $33,146

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Light Trucks
Preferred Alternative $23,867 | $26,298 | $30,053 | $33,963 | $167,774
2% Annual Increase $17,637 | $19,402 | $21,156 | $22,545 | $129,137
3% Annual Increase $25,485 | $27,351 | $30,211 | $33,151 | $184,812
4% Annual Increase $31,881 | $34,892 | $37,579 | $41,915 | $234,013
5% Annual Increase $36,607 | $39,649 | $44,843 | $49,381 | $272,599
6% Annual Increase $38,138 | $41,611 | $46,181 | $51,179 | $291,746
7% Annual Increase $40,090 | $43,864 | $49,458 | $52,742 | $305,181
Max Net Benefits $32,429 | $34,672 | $36,381 | $37,726 | $246,768
Total Cost = Total Benefit $35,291 | $39,397 | $43,572 | $48,941 | $284,425
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Table 10c
Present Value of Lifetime Societal Benefits, by Alternative

Combined, (7% Discount Rate)
(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars & Light Trucks
Preferred Alternative $7,218 | $15,576 | $27,682 | $38,047 $49,138
2% Annual Increase $6,192 | $11,895 | $19,988 | $26,006 $32,555
3% Annual Increase $9,384 | $18,325 | $28,885 | $38,377 $47,367
4% Annual Increase $13,874 | $24,095 | $36,699 | $48,703 $59,027
5% Annual Increase $18,110 | $29,442 | $42,904 | $56,471 $69,806
6% Annual Increase $22,902 | $34,344 | $48,698 | $64,067 $74,606
7% Annual Increase $25,701 | $37,712 | $52,326 | $67,531 $76,323
Max Net Benefits $28,342 | $33,559 | $44,513 | $52,411 $62,000
Total Cost = Total Benefit | $32,820 | $38,861 | $48,224 | $57,662 | $69,176

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars & Light Trucks
Preferred Alternative $56,447 | $65,454 | $76,237 | $88,162 | $423,961
2% Annual Increase $36,965 | $41,114 | $46,513 | $50,872 | $272,101
3% Annual Increase $54,023 | $59,638 | $67,527 | $76,422 | $399,948
4% Annual Increase $66,709 | $74,691 | $84,903 | $96,049 | $504,750
5% Annual Increase $77,523 | $86,372 | $103,239 | $115,738 | $599,605
6% Annual Increase $82,425 | $92,932 | $112,126 | $126,991 | $659,091
7% Annual Increase $87,773 | $101,383 | $119,831 | $133,160 | $701,740
Max Net Benefits $65,839 | $70,631 | $75,742 | $80,686 | $513,724
Total Cost = Total Benefit $75,020 | $86,877 | $98,311 | $109,738 | $616,689
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Table 11a
Present VValue of Net Total Benefits™ by Alternative

Passenger Cars, (7% Discount Rate)

(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars
Preferred Alternative $3,552 | $6,276 | $9,900 | $13,015 | $15,044
2% Annual Increase $2,122 | $3,891 | $6,222 | $8,505 $10,591
3% Annual Increase $3,179 | $5,999 | $9,250 | $12,202 | $14,584
4% Annual Increase $4,190 | $7,216 | $10,621 | $13,927 | $16,073
5% Annual Increase $4,865 | $7,728 | $11,475 | $14,895 | $16,137
6% Annual Increase $5,422 | $7,903 | $11,247 | $14,248 | $16,094
7% Annual Increase $6,238 | $8,602 | $11,937 | $14,590 $16,274
Max Net Benefits $7,187 | $8,305 | $10,184 | $12,678 $15,194
Total Cost = Total Benefit $7,410 | $8,832 | $11,328 | $13,786 $16,873

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars
Preferred Alternative $17,397 | $19,837 | $22,884 | $26,820 | $134,726
2% Annual Increase $12,397 | $13,943 | $16,167 | $18,044 | $91,881
3% Annual Increase $16,784 | $18,833 | $21,560 | $24,520 | $126,910
4% Annual Increase $18,282 | $19,968 | $22,202 | $26,080 | $138,558
5% Annual Increase $17,601 | $19,197 | $19,290 | $25,537 | $136,725
6% Annual Increase $16,675 | $17,122 | $13,215 | $22,327 | $124,255
7% Annual Increase $17,389 | $15,293 | $12,189 | $20,524 | $123,037
Max Net Benefits $16,537 | $18,136 | $20,099 | $23,062 | $131,382
Total Cost = Total Benefit $18,177 | $18,928 | $20,463 | $25,777 | $141,574

> This table is from a societal perspective, thus, civil penalties are deleted from the costs because they are a
transfer payment.
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Table 11b
Present Value of Net Total Benefits by Alternative

Light Trucks, (7% Discount Rate)

(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Light Trucks
Preferred Alternative $1,261 | $3,737 | $8,007 | $10,885 | $15,302
2% Annual Increase $2,339 | $4,382 | $7,831 | $9,606 $12,245
3% Annual Increase $3,383 | $6,403 | $10,368 | $13,122 | $16,251
4% Annual Increase $4,654 | $7,718 | $11,880 | $14,750 $17,954
5% Annual Increase $5,370 | $8,401 | $12,340 | $15,272 | $18,868
6% Annual Increase $5,990 | $8,185 | $12,553 | $15,501 | $18,185
7% Annual Increase $5,945 | $8,348 | $12,936 | $15,590 $18,031
Max Net Benefits $6,351 | $7,885 | $11,678 | $14,001 $17,918
Total Cost = Total Benefit $7,157 | $8,273 | $12,022 | $14,582 | $18,069

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Light Trucks
Preferred Alternative $17,252 | $18,886 | $21,466 | $23,877 | $120,673
2% Annual Increase $13,467 | $14,811 | $16,093 | $17,244 | $98,019
3% Annual Increase $18,180 | $19,462 | $21,415 | $23,259 | $131,842
4% Annual Increase $20,165 | $21,535 | $23,227 | $25,839 | $147,721
5% Annual Increase $20,874 | $22,380 | $23,529 | $26,967 | $154,000
6% Annual Increase $19,828 | $21,155 | $22,745 | $26,607 | $150,748
7% Annual Increase $20,134 | $21,364 | $23,003 | $27,178 | $152,528
Max Net Benefits $19,456 | $20,969 | $22,003 | $23,701 | $143,962
Total Cost = Total Benefit $19,563 | $21,026 | $22,509 | $26,189 | $149,390
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Table 11c
Present Value of Net Total Benefits by Alternative

Combined, (7% Discount Rate)

(Millions of 2009 Dollars)

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars & Light Trucks
Preferred Alternative $4,813 | $10,013 | $17,907 | $23,900 | $30,346
2% Annual Increase $4,460 | $8,273 | $14,053 | $18,111 | $22,836
3% Annual Increase $6,562 | $12,402 | $19,617 | $25,324 | $30,835
4% Annual Increase $8,843 | $14,934 | $22,501 | $28,677 | $34,027
5% Annual Increase $10,234 | $16,129 | $23,815 | $30,166 | $35,005
6% Annual Increase $11,412 | $16,088 | $23,800 | $29,749 | $34,279
7% Annual Increase $12,183 | $16,950 | $24,873 | $30,180 $34,305
Max Net Benefits $13,538 | $16,190 | $21,862 | $26,678 | $33,112
Total Cost = Total Benefit $14,567 | $17,105 | $23,349 | $28,368 | $34,942

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars & Light Trucks
Preferred Alternative $34,649 | $38,724 | $44,351 | $50,697 | $255,399
2% Annual Increase $25,864 | $28,754 | $32,260 | $35,288 | $189,900
3% Annual Increase $34,964 | $38,295 | $42,975 | $47,778 | $258,751
4% Annual Increase $38,447 | $41,503 | $45,429 | $51,919 | $286,279
5% Annual Increase $38,474 | $41,578 | $42,819 | $52,504 | $290,725
6% Annual Increase $36,503 | $38,277 | $35,960 | $48,934 | $275,003
7% Annual Increase $37,524 | $36,657 | $35,191 | $47,702 | $275,565
Max Net Benefits $35,993 | $39,104 | $42,102 | $46,763 | $275,344
Total Cost = Total Benefit $37,740 | $39,954 | $42,972 | $51,966 | $290,964
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Table 12a
Millions of Gallons of Fuel Saved®®
Passenger Cars
Undiscounted Over the Lifetime of the Model Year

MY MY MY MY

Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars

Preferred Alternative 2,120 3,995 6,368 8,639 10,484
2% Annual Increase 1,140 2,266 3,636 4,964 6,091
3% Annual Increase 1,757 3,581 5,558 7,516 9,063
4% Annual Increase 2,654 4,779 7,091 9,577 11,373
5% Annual Increase 3,716 6,078 8,600 11,389 13,971
6% Annual Increase 4,652 7,262 9,845 13,094 15,061
7% Annual Increase 5,246 8,029 10,655 | 13,940 15,579
Max Net Benefits (3% Discount Rate) 5,820 6,941 8,999 | 10,469 11,814
Max Net Benefits (7% Discount Rate) 5,773 6,868 8,933 | 10,438 11,744

- o T
Total Cost = Total Benefit (3% Discount 6.717 8.142 9675 | 11,384 13,556

Rate)
;Z:g; Cost = Total Benefit (7% Discount 6.716 8.142 9678 | 11,362 13,519
MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars
Preferred Alternative 12,056 | 14,414 | 16,809 | 19,690 94,575
2% Annual Increase 7,077 7,878 9,110 10,125 52,288
3% Annual Increase 10,423 | 11,681 | 13,374 | 15,536 78,489
4% Annual Increase 12,829 | 14,603 | 17,266 | 19,679 99,851
5% Annual Increase 15,438 | 17,431 | 21,605 | 24,369 122,597
6% Annual Increase 16,591 | 19,112 | 24,243 | 27,619 137,479
7% Annual Increase 17,753 | 21,254 | 25,655 | 29,078 147,189
Max Net Benefits (3% Discount Rate) 12,423 | 13,343 | 14,360 | 15,553 99,722
Max Net Benefits (7% Discount Rate) 12,344 | 13,162 | 14,262 | 15,483 99,007
;‘;EZ; Cost = Total Benefit (3% Discount 15492 | 18,156 | 20,546 | 22,717 | 126,385
;Z:z; Cost = Total Benefit (7% Discount 14,745 | 17,518 | 19,996 | 22,123 | 123,799

18 The choice of a 3 or 7 percent discount rate can impact the results of the Max Net Benefits and Total
Cost = Total Benefits scenarios. The results of all other scenarios are not impacted by choice of discount
rate. Results for both 3 and 7 percent discount rates are therefore presented for both Max Net Benefits and
Total Cost = Total Benefit scenarios.
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Table 12b
Millions of Gallons of Fuel Saved
Light Trucks
Undiscounted Over the Lifetime of the Model Year

MY MY MY MY

Alternative 2017 2018 2019 2020 MY 2021
Light Trucks
Preferred Alternative 685 2,026 4,297 5,817 8,183
2% Annual Increase 1,315 2,399 4,133 5,028 6,275
3% Annual Increase 1,950 3,542 5,579 7,134 8,849
4% Annual Increase 2,826 4,640 7,119 9,019 11,089
5% Annual Increase 3,526 5,580 8,172 10,389 13,000
6% Annual Increase 4,478 6,559 9,466 11,955 13,935
7% Annual Increase 4,883 7,011 9,955 12,382 13,886
Max Net Benefits (3% Discount Rate) 6,293 7,322 9,312 | 11,063 13,088
Max Net Benefits (7% Discount Rate) 5,406 6,490 8,614 9,916 12,059
;Z::; Cost = Total Benefit (3% Discount 6.294 7325 9305 | 11,076 13,148
;Z:g; Cost = Total Benefit (7% Discount 6.326 7.342 9.331 11,098 13,114
MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Light Trucks
Preferred Alternative 9,149 9,991 11,310 | 12,754 64,212
2% Annual Increase 6,792 7,388 8,013 8,458 49,802
3% Annual Increase 9,813 10,431 | 11,408 | 12,519 71,224
4% Annual Increase 12,283 | 13,425 | 14,314 | 15,848 90,564
5% Annual Increase 14,231 | 15,289 | 17,190 | 18,787 106,162
6% Annual Increase 15,139 | 16,351 | 17,907 | 19,709 115,499
7% Annual Increase 15,733 | 17,048 | 18,948 | 20,079 119,925
Max Net Benefits (3% Discount Rate) 13,776 | 14,995 | 16,387 | 18,177 110,413
Max Net Benefits (7% Discount Rate) 12,675 | 13,430 | 13,957 | 14,335 96,881
;‘;EZ; Cost = Total Benefit (3% Discount 13,824 | 15254 | 16,708 | 18,597 | 111,531

Total Cost = Total Benefit (7% Discount

13,792 | 15,249 | 16,727 | 18,616 111,593
Rate)
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Table 12¢

Millions of Gallons of Fuel Saved

Combined

Undiscounted Over the Lifetime of the Model Year

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars & Light Trucks
Preferred Alternative 2,805 6,022 10,665 | 14,456 18,667
2% Annual Increase 2,456 4,665 7,769 9,992 12,366
3% Annual Increase 3,707 7,123 | 11,138 | 14,649 17,912
4% Annual Increase 5,480 9,419 14,210 | 18,597 22,462
5% Annual Increase 7,242 | 11,657 | 16,772 | 21,778 26,971
6% Annual Increase 9,131 | 13,821 | 19,311 | 25,049 28,996
7% Annual Increase 10,129 | 15,040 | 20,610 | 26,322 29,465
Max Net Benefits (3% Discount Rate) 12,113 | 14,263 | 18,311 | 21,532 24,902
Max Net Benefits (7% Discount Rate) 11,179 | 13,358 | 17,548 | 20,354 23,803
;Z:Z; Cost = Total Benefit (3% Discount 13.011 | 15.467 | 18.980 | 22,460 26,704
;ZEZ; Cost = Total Benefit (7% Discount 13.042 | 15483 | 19.000 | 22,459 26,633

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars & Light Trucks
Preferred Alternative 21,205 | 24,405 | 28,119 | 32,444 158,787
2% Annual Increase 13,870 | 15,267 | 17,124 | 18,583 102,090
3% Annual Increase 20,235 | 22,112 | 24,781 | 28,055 149,713
4% Annual Increase 25,112 | 28,028 | 31,579 | 35,528 190,415
5% Annual Increase 29,669 | 32,720 | 38,795 | 43,157 228,759
6% Annual Increase 31,730 | 35,463 | 42,150 | 47,327 252,978
7% Annual Increase 33,487 | 38,302 | 44,603 | 49,157 267,115
Max Net Benefits (3% Discount Rate) 26,199 | 28,337 | 30,747 | 33,730 210,134
Max Net Benefits (7% Discount Rate) 25,019 | 26,591 | 28,219 | 29,818 195,889
;g:z; Cost = Total Benefit (3% Discount 20,316 | 33410 | 37,254 | 41,314 | 237,916
EZEZ; Cost = Total Benefit (7% Discount | »a 507 | 39767 | 36,722 | 40739 | 235392
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Table 12d

Change in Electricity Consumption (in GW-h)

Passenger Cars

Undiscounted Over the Lifetime of the Model Year

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars
Preferred Alternative -6.8 -7.0 16.9 185.5 479.4
2% Annual Increase -6.8 -7.0 -7.2 -7.0 -7.2
3% Annual Increase -6.8 -7.0 -7.2 16.6 17.0
4% Annual Increase -6.8 -7.0 -7.2 424.8 965.3
5% Annual Increase 10.3 813.9 939.0 1,654.7 4,774.4
6% Annual Increase 10.3 813.9 1,1354 5,980.6 8,528.9
7% Annual Increase 576.6 21326 | 2,568.3 | 10,326.0 | 11,883.1
Max Net Benefits (3% Discount Rate) 910.3 922.6 4,160.3 | 4,693.2 5,106.8
Max Net Benefits (7% Discount Rate) 910.3 922.6 4,160.3 | 4,693.2 5,106.8
;g::; Cost = Total Benefit (3% Discount | 165 | 15703 | 18349 | 1,8028 | 26522
;2:2; Cost = Total Benefit (7% Discount | 165 | 18703 | 18349 | 1,8028 | 2,546.2

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars
Preferred Alternative 494.8 5,165.9 | 5,850.6 | 16,280.9 | 28,460.3
2% Annual Increase -7.2 63.4 214.0 1,659.0 1,893.9
3% Annual Increase 18.2 89.6 309.1 4,580.3 5,009.8
4% Annual Increase 969.8 4,872.7 | 7,197.9 | 16,420.3 | 30,829.9
5% Annual Increase 6,870.7 | 12,033.9 | 24,720.4 | 35,241.4 | 87,058.6
6% Annual Increase 12,199.0 | 20,434.3 | 41,327.6 | 57,076.2 | 147,506.1
7% Annual Increase 19,360.3 | 35,126.2 | 53,854.8 | 68,386.4 | 204,214.3
Max Net Benefits (3% Discount Rate) 53436 | 58170 | 6,393.3 | 10,013.7 | 43,360.8
Max Net Benefits (7% Discount Rate) 53436 | 58170 | 6393.3 | 9,537.0 | 42,884.1
;‘;EZ; Cost = Total Benefit (3% Discount | ¢ 26 | 177968 | 22179.7 | 30,782.1 | 87.946.1
;Z:z; Cost = Total Benefit (7% Discount | 5 co1 4 | 134146 | 17,8008 | 26,1035 | 70,009.8
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Table 12¢

Change in Electricity Consumption (in GW-h)
Light Trucks

Undiscounted Over the Lifetime of the Model Year

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Light Trucks
Preferred Alternative 0 0 0 0 0
2% Annual Increase 0 0 0 0 0
3% Annual Increase 0 0 0 0 0
4% Annual Increase 0 0 0 0 0
5% Annual Increase 0 0 0 1.7 1.6
6% Annual Increase 0 733.8 708.6 127.2 724.6
7% Annual Increase 0 733.8 708.6 727.2 724.6
Max Net Benefits (3% Discount Rate) 0 771.9 746.2 736.9 734.2
Max Net Benefits (7% Discount Rate) 0 0.0 0.0 1.7 1.6
;Z::; Cost = Total Benefit (3% Discount 0 776.8 7511 736.9 734.3
;Z:g; Cost = Total Benefit (7% Discount 0 776.8 7511 736.9 734.3

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Light Trucks
Preferred Alternative 0 0 0 0 0
2% Annual Increase 0 0 0 0 0
3% Annual Increase 0 0 0 0 0
4% Annual Increase 0 0 0 280.3 280.3
5% Annual Increase 457.5 2,041.7 4,683.9 | 4,709.1 11,895.5
6% Annual Increase 1,187.7 | 3,355.7 5,051.0 8,088.8 20,577.5
7% Annual Increase 50114 | 6,448.3 | 8,9935 | 9,199.0 | 32,546.4
Max Net Benefits (3% Discount Rate) 741.5 2,211.3 | 2,267.1 | 2,271.7 | 10,480.8
Max Net Benefits (7% Discount Rate) 1.6 15 1.7 1.7 9.8
;ZEZ; Cost = Total Benefit (3% Discount | 2y o | 55113 | 38156 | 44475 | 14,2151
;Z:z; Cost = Total Benefit (7% Discount | 2,y 5 | 59113 | 38156 | 44475 | 14,2151
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Table 12f

Change in Electricity Consumption (in GW-h)

Combined

Undiscounted Over the Lifetime of the Model Year

MY MY MY MY
Alternative 2017 2018 2019 2020 MY 2021
Passenger Cars & Light Trucks
Preferred Alternative -6.8 -7.0 16.9 185.5 479.4
2% Annual Increase -6.8 -7.0 -7.2 -7.0 -7.2
3% Annual Increase -6.8 -7.0 -7.2 16.6 17.0
4% Annual Increase -6.8 -7.0 -7.2 424.8 965.3
5% Annual Increase 10.3 813.9 939.0 1,656.4 4,775.9
6% Annual Increase 10.3 1,547.7 1,844.0 6,707.7 9,253.5
7% Annual Increase 576.6 2,866.4 | 3,276.9 | 11,053.2 | 12,607.7
Max Net Benefits (3% Discount Rate) 910.3 1,6945 | 4,906.6 | 5430.1 5,841.1
Max Net Benefits (7% Discount Rate) 910.3 922.6 4,160.3 | 4,694.9 5,108.5
;g::; Cost = Total Benefit (3% Discount | 165 | 55991 | 25860 | 2,629.7 | 33865
;2:2; Cost = Total Benefit (7% Discount | 165 | 55991 | 25860 | 2,629.7 | 32805

MY MY MY MY 9-Year
Alternative 2022 2023 2024 2025 Total
Passenger Cars & Light Trucks
Preferred Alternative 494.8 5,165.9 | 5,850.6 | 16,280.9 | 28,460.3
2% Annual Increase -71.2 63.4 214.0 1,659.0 1,893.9
3% Annual Increase 18.2 89.6 309.1 4,580.3 5,009.8
4% Annual Increase 969.8 4,872.7 | 7,197.9 | 16,700.6 | 31,110.1
5% Annual Increase 7,328.2 | 14,075.6 | 29,404.3 | 39,950.5 | 98,954.1
6% Annual Increase 13,386.7 | 23,790.1 | 46,378.6 | 65,165.0 | 168,083.5
7% Annual Increase 24,371.7 | 41,5745 | 62,848.3 | 77,585.4 | 236,760.7
Max Net Benefits (3% Discount Rate) 6,085.1 | 8,028.3 | 8,660.4 | 12,285.4 | 53,841.6
Max Net Benefits (7% Discount Rate) 53452 | 58185 | 63949 | 9,538.7 | 42,893.9
;Z:Z; Cost = Total Benefit (3% Discount | g 0165 | 20008.1 | 259953 | 35.229.6 | 102,161.2
;Z:z; Cost = Total Benefit (7% Discount | 1565 | 15,6259 | 21,6164 | 30,551.0 | 84,224.9
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Breakdown of Costs and Benefits for the Preferred Alternative

Table 13

Preferred Alternative
Cost and Benefit Estimates, 3% Discount Rate
Passenger Cars and Light Trucks Combined
(Millions of 2009 Dollars)

Tables 13 and 14 provide a breakdown of the costs and benefits for the preferred
alternative using a 3 percent and 7 percent discount rate, respectively.

MY MY MY

2017 2018 2019 MY 2020 | MY 2021
Technology Costs ($1,738) | (%4,180) | ($7,289) | ($10,826) | ($14,559)
Social Costs and
Benefits
Lifetime Fuel
Expenditures (Pretax) $7,079 | $15,305 | $27,328 | $37,377 $48,448
Consumer Surplus
from Additional
Driving $57 $184 $416 $625 $869
Refueling Time Value $365 $700 $1,161 $1,620 $1,833
Petroleum Market
Externalities $380 $813 $1,440 $1,952 $2,521
Congestion Costs ($554) | ($1,149) | ($2,020) | ($2,725) ($3,480)
Accident Costs ($255) ($539) ($954) | ($1,292) ($1,660)
Noise Costs ($10) ($22) ($38) ($52) ($66)
Fatality Costs $18 $59 ($85) $14 ($9)
CO2 $738 $1,608 $2,900 $4,015 $5,228
CO $0 $0 $0 $0 $0
VOC $8 $19 $34 $46 $68
NOX $17 $31 $51 $71 $56
PM $106 $231 $415 $558 $776
SOX $108 $231 $408 $549 $706
Net Social Benefits $8,054 | $17,471 | $31,055 | $42,759 $55,291
Net Total Benefits $6,316 | $13,291 | $23,766 | $31,934 $40,732
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Table 13 (Continued)

9-Year

MY 2022 | MY 2023 | MY 2024 | MY 2025 Total
Technology Costs ($16,974) | ($21,168) | ($25,479) | ($29,924) | ($132,137)
Social Costs and
Benefits
Lifetime Fuel
Expenditures (Pretax) $55,504 | $64,285 | $74,647 | $86,483 | $416,456
Consumer Surplus
from Additional
Driving $1,063 $1,448 $1,868 $2,575 $9,105
Refueling Time Value $2,081 $2,290 $2,658 $2,585 $15,292
Petroleum Market
Externalities $2,865 $3,310 $3,817 $4,449 $21,547
Congestion Costs ($3,987) | ($4,594) | ($5,331) | ($6,199) | ($30,040)
Accident Costs ($1,899) | ($2,187) | ($2,533) | ($2,931) | ($14,250)
Noise Costs ($76) ($87) ($101) ($117) ($568)
Fatality Costs $41 $9 $9 ($47) $10
CO2 $6,057 $7,081 $8,321 $9,667 $45,614
CO $0 $0 $0 $0 $0
VOC $78 $95 $110 $141 $601
NOX $59 $94 $107 $109 $594
PM $889 $1,063 $1,224 $1,444 $6,705
SOX $804 $811 $938 $844 $5,401
Net Social Benefits $63,479 | $73,618 | $85,734 | $99,004 | $476,467
Net Total Benefits $46,506 | $52,450 | $60,255 | $69,080 | $344,330
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Table 14

Preferred Alternative
Cost and Benefit Estimates, 7% Discount Rate
Passenger Cars and Light Trucks Combined
(Millions of 2009 Dollars)

MY MY MY

2017 2018 2019 MY 2020 | MY 2021
Technology Costs ($1,738) | (%4,180) | ($7,289) | ($10,826) | ($14,559)
Social Costs and
Benefits
Lifetime Fuel
Expenditures (Pretax) $5,614 | $12,118 | $21,639 | $29,600 $38,376
Consumer Surplus
from Additional
Driving $45 $146 $329 $496 $689
Refueling Time Value $292 $560 $928 $1,295 $1,463
Petroleum Market
Externalities $304 $650 $1,149 $1,558 $2,012
Congestion Costs ($442) ($917) | ($1,611) | ($2,174) ($2,777)
Accident Costs ($204) ($429) ($760) | ($1,030) ($1,323)
Noise Costs ($8) ($17) ($30) ($41) ($53)
Fatality Costs $18 $59 ($85) $14 ($9)
CO2 $738 $1,608 $2,900 $4,015 $5,228
CO $0 $0 $0 $0 $0
VOC $7 $15 $28 $38 $55
NOX $14 $27 $44 $61 $50
PM $87 $189 $339 $456 $630
SOX $86 $184 $326 $438 $564
Net Social Benefits $6,551 | $14,193 | $25,196 | $34,726 $44,905
Net Total Benefits $4,813 | $10,013 | $17,907 | $23,900 $30,346
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Table 14 (Continued)

9-Year

MY 2022 | MY 2023 | MY 2024 | MY 2025 Total
Technology Costs ($16,974) | ($21,168) | ($25,479) | ($29,924) | ($132,137)
Social Costs and
Benefits
Lifetime Fuel
Expenditures (Pretax) $44,014 | $51,011 | $59,299 | $68,789 | $330,460
Consumer Surplus
from Additional
Driving $844 $1,150 $1,487 $2,056 $7,242
Refueling Time Value $1,661 $1,829 $2,124 $2,065 $12,217
Petroleum Market
Externalities $2,287 $2,643 $3,050 $3,558 $17,211
Congestion Costs ($3,186) | ($3,673) | ($4,267) | ($4,968) | ($24,015)
Accident Costs ($1,515) | ($1,746) | ($2,024) | ($2,346) | ($11,376)
Noise Costs ($60) ($70) ($81) ($94) ($454)
Fatality Costs $41 $9 $9 ($47) $10
CO2 $6,057 $7,081 $8,321 $9,667 $45,614
CO $0 $0 $0 $0 $0
VOC $63 $76 $88 $113 $483
NOX $54 $80 $91 $93 $513
PM $721 $852 $983 $1,148 $5,405
SOX $642 $649 $750 $673 $4,313
Net Social Benefits $51,623 | $59,892 | $69,829 | $80,708 | $387,623
Net Total Benefits $34,649 | $38,724 | $44,351 | $50,784 $255,486
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Annualized Costs and Benefits for the Preferred Alternative

Tables 15 and 16 present the annualized costs and benefits of the MY 2017-2025 CAFE
rule, at 3 and 7 percent discount rates respectively. “Annualization” is a generic term
used to refer to the estimation of the annual payment that would be required to pay back a
loan at a given rate on a constant payment schedule for a set duration. In the context of
NHTSA'’s analysis of the impact of the proposed CAFE rule, annualized costs can be
interpreted as society’s yearly “mortgage payment” on both the technology and social
costs of this rule. Similarly, annualized benefits represent the average value of the stream
of benefits per year that society receives as a result of this rule over the duration of the
given fleet’s life.!’

In Tables 15 and 16, each model year’s costs and benefits are annualized to a base year of
2017. Annualized net benefits are the difference between annualized costs and
annualized benefits. While it may seem counterintuitive that total annualized net benefits
are greater in the case of a 7 percent discount rate versus a 3 percent discount rate, this
outcome is a consequence of the concept of annualization in that the use of the higher rate
results in higher societal costs, as the “principal” is paid back at a higher interest rate,
while benefits are also greater, as the benefit “payments” to society are also made at a
higher interest rate.

Table 15
Annualized Costs, Benefits, and Net Benefits by Model Year
Passenger Cars and Light Trucks Combined
(Billions of 2009%, 3% Discount Rate)

Annualized
Model Year Costs | Benefits Net Benefits

MY 2017 ($0.1) $0.7 $0.6
MY 2018 ($0.3) $1.5 $1.2
MY 2019 (%$0.5) $2.6 $2.1
MY 2020 (%0.6) $3.4 $2.8
MY 2021 ($0.8) $4.3 $3.4
MY 2022 ($0.9) $4.8 $3.8
MY 2023 ($1.1) $5.3 $4.2
MY 2024 ($1.2) $6.0 $4.8
MY 2025 ($1.4) $6.8 $5.4

Total (%$7.0) $35.3 $28.4

7 In the calculation of annualized costs and benefits, a 36-year lifetime was applied to the combined fleet
for each model year.
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Table 16
Annualized Costs, Benefits, and Net Benefits by Model Year
Passenger Cars and Light Trucks Combined
(Billions of 2009%, 7% Discount Rate)

Annualized
Model Year Costs | Benefits Net Benefits

MY 2017 (%0.2) $0.9 $0.7
MY 2018 ($0.4) $1.8 $1.4
MY 2019 ($0.7) $3.1 $2.4
MY 2020 ($0.9) $3.9 $3.1
MY 2021 ($1.1) $4.8 $3.7
MY 2022 ($1.2) $5.1 $3.9
MY 2023 ($1.4) $5.5 $4.2
MY 2024 ($1.5) $6.0 $4.5
MY 2025 ($1.6) $6.5 $4.9

Total ($8.9) $37.8 $28.9
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I. INTRODUCTION

The purpose of this study is to analyze the effects of the proposal that would extend the
National Program of Federal and corporate average fuel economy (CAFE) standards
and greenhouse gas (GHG) emissions standards to model years (MYs) 2017-2025 for
passenger cars and light trucks. Under this joint rulemaking, NHTSA is proposing
CAFE standards under Energy Policy Conservation Act of 1975, as amended by the
Energy Independence and Security Act of 2007 (EISA), and EPA is proposing GHG
emissions standards under the Clean Air Act (CAA). This study includes a discussion
of the technologies that can improve fuel economy, the potential impacts on retail prices,
safety, the discounted lifetime net benefits of fuel savings, and the potential gallons of
fuel saved, among other things.

In working together to develop the next round of standards for MYs 2017-2025, NHTSA
and EPA are building on the success of the first phase of the National Program to regulate
fuel economy and GHG emissions from U.S. light-duty vehicles, which established the
coordinated standards for model years (MY) 2012-2016.'® Continuing the National
Program would ensure that all manufacturers can build a single fleet of U.S. vehicles that
would satisfy all requirements under both programs as well as under California’s
program, helping to reduce costs and regulatory complexity while providing significant
energy security and environmental benefits. President Obama announced plans for these
proposed rules on July 29, 2011 and NHTSA and EPA issued a Supplemental Notice of
Intent (NOI) outlining the agencies’ plans for proposing the MY 2017-2025 standards
and program.*® The State of California and thirteen auto manufacturers representing over
90 percent of U.S. vehicle sales provided letters of support for the program concurrent
with the Supplemental NOI1.*° The United Auto Workers (UAW) also supported the
announcement.”> As envisioned in the Presidential announcement and Supplemental
NOI, the proposal sets forth proposed MY's 2017-2025 standards as well as detailed
supporting analysis for those standards and regulatory alternatives for public review and
comment.

One aspect of this phase of the National Program that is unique for NHTSA, however, is
that the passenger car and light truck CAFE standards for MY's 2022-2025 must be
conditional, while EPA’s (and also California’s) standards for those model years will be
legally binding when adopted in this round. EISA requires NHTSA to issue CAFE
standards for ““at least 1, but not more than 5, model years.”22 To maintain the
harmonization benefits of the National Program, NHTSA will therefore propose and
adopt standards for all 9 model years from 2017-2025, but the last 4 years of standards
will be conditional. The passenger car and light truck CAFE standards for MY's 2022-
2025 will be determined with finality in a subsequent, de novo notice and comment

'8 Final Rule published in the Federal Register on May 7, 2010 (75FR 25324).

1976 FR 48758 (August 9, 2011).

% Commitment letters are available at http://www.nhtsa.gov/fuel-economy (last accessed Aug. 24, 2011).
21 The UAW’s support was expressed in a statement on July 29, 2011, which can be found at
http://www.uaw.org/articles/uaw-supports-administration-proposal-light-duty-vehicle-cafe-and-
greenhouse-gas-emissions-r (last accessed September 19, 2011)

%2 49 U.S.C. 32902(b)(3)(B).
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rulemaking conducted in full compliance with EPCA/EISA and other applicable law —
beyond simply reviewing the analysis and findings in the present rulemaking to see
whether they are still accurate and applicable, and taking a fresh look at all relevant
factors based on the best and most current information available at that future time.

To facilitate that future rulemaking, NHTSA and EPA will conduct a comprehensive
mid-term evaluation. Up to date information will be developed and compiled for the
evaluation, through a collaborative, robust, and transparent process, including notice
and comment. The agencies fully expect to conduct the mid-term evaluation in close
coordination with the California Air Resources Board (CARB), consistent with the
agencies’ commitment to maintaining a single national framework for regulation of
fuel economy and GHG emissions.?

NHTSA examined regulatory alternatives in two ways. First, we examined these
alternatives considering how maximum feasible standards can be set within the
limitations of EPCA/EISA. In conducting this “estimated required” or “standard setting’
analysis, NHTSA assumes manufacturers do not use dedicated alternative fuel vehicles,
electric vehicles, plug-in electric vehicles, dual-fueled alternative fuel vehicles (through
MY 2020), or credits earned for over-compliance to meet the required mpg levels, as
directed by 49 U.S.C. 32902(h).

b

Second, we conducted more of a real-world analysis of what manufacturers are likely to
do under CAFE standards and taking advantage of flexibilities and adjustments offered
under CAFE standards, as actually provided by EPCA/EISA. In conducting this
“projected achieved” or “real world under EPCA/EISA” analysis, NHTSA assumes
manufacturers will use dedicated alternative fuel vehicles, electric vehicles, plug-in
electric vehicles, dual-fueled alternative fuel vehicles (for all model years), and
flexibilities allowed in the proposal and credits earned for over-compliance to meet the
required mpg levels.

Under both types of analysis, NHTSA assumes some manufacturers will continue, as they
have done historically, not to meet the standards and instead pay civil penalties for non-
compliance, as permitted by EPCA. NHTSA also assumes manufacturers will apply A/C
efficiency improvements and off-cycle technology improvements to meet the standards.

The analysis contained in this document reflects the impacts that NHTSA believes would
result from manufacturers increasing the fuel economy of their vehicles in order to meet
the stringency levels required or projected to be achieved under the different regulatory
alternatives. When the agency was examining issues that relate to standard setting and
the “estimated required” mpg levels, then the analysis is based on the “estimated
required” mpg levels. Thus, analyses in Chapter V on technology relate to the amount of
technology needed to get to the “estimated required” mpg level. Analyses in Chapter X
relating to Sensitivity Analyses and Chapter XI on probabilistic uncertainties relate to the
“estimated required” mpg level. However, estimates of the levels to be achieved by

% The agencies also fully expect that any adjustments to the standards as a result of the mid-term evaluation
process from the levels enumerated in the current rulemaking will be made with the participation of CARB
and in a manner that continues the harmonization of state and Federal vehicle standards.
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manufacturers (Chapter V1), costs and sales (Chapter V1), benefits and fuel savings
(Chapter VIII), impact of weight reduction on safety (Chapter 1X),and net benefits
(Chapter X) are based on the more real world “projected achieved” mpg levels that are
more likely to be achieved by the manufacturers.
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1. NEED OF THE NATION TO CONSERVE ENERGY

The Energy Policy and Conservation Act (EPCA) states that:

“When deciding maximum feasible average fuel economy ... the Secretary of
Transportation shall consider technological feasibility, economic practicability, the
effect of other motor vehicle standards of the Government on fuel economy, and the
need of the United States to conserve energy.”?*

Thus, EPCA specifically directs the Department to balance the technological and economic
challenges related to fuel economy with the Nation’s need to conserve energy. The concerns
about energy security and the effects of energy prices and supply on National economic well-
being that led to the enactment of EPCA persist today. The demand for petroleum grew in
the U.S. up through the year 2005, peaking at 20.8 million barrels per day, and has since
declined to an average of 18.8 million barrels per day in 2009.? World demand, however, is
expected to continue to rise until 2035.2°

Since 1970, there have been a series of events that suggest that the behavior of petroleum
markets is a matter for public concern.

e Average annual crude oil prices rose from $68 per barrel in 2007 to $95 per barrel in
2008, having peaked at $129 per barrel in July 2008. Prices declined to $37 per
barrel in January 2009, but then rose to $113 per barrel in April 2011.%" As recently
as 1998, crude prices averaged about $13 per barrel.?® Gasoline prices more than
tripled during this ten-year period, from an annual average of $1.07 in 1998 to $3.30
in 2008. As the price of oil bounces up and down, the price of gasoline also rises and
falls, hitting an average of $3.71 in July of 2011.%°

449 U.S.C. § 32902(f)
% U.S. Department of Energy, Energy Information Administration, International Energy Statistics, Total
Petroleum Consumption. See http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=5&pid=5&aid=2
(last accessed, August 30, 2011).
% U.S Department of Energy, Energy Information Administration, International Energy Outlook 2010. See
http://www.eia.gov/oiaf/ieo/highlights.html (last accessed August 30, 2011).
"' U.S. Department of Energy, Energy Information Administration, Short-Term Energy Outlook, U.S.
Refiner Average Acquisition Cost per Barrel of Crude Oil. See
pgttp:llwww.eia.qov/emeu/steo/pub/cf query/index.cfm (last accessed August 30, 2011).

Ibid.
# U.S. Department of Energy, Energy Information Administration, Weekly Retail and Gasoline Diesel
Prices. See http://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_nus_m.htm (last accessed, August 30, 2011).



http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=5&pid=5&aid=2
http://www.eia.gov/oiaf/ieo/highlights.html
http://www.eia.gov/emeu/steo/pub/cf_query/index.cfm
http://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_nus_m.htm
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e U.S. domestic petroleum production stood at 10 million barrels per day in 1975, rose
slightly to 10.6 million barrels per day in 1985, and by 2009 had declined to 7.3
million barrels per day.*® Domestic production is predicted to increase through 2035.
Between 1975 and 2005, U.S. petroleum consumption increased from 16.3 million
barrels per day to 20.8 million barrels per day.** In 2009, vehicle miles traveled and
consumption fell compared to the 2005 levels. Net petroleum imports accounted for
51.5 percent of U.S. domestic petroleum consumption in 2009.3 Worldwide oil
demand is fairly inelastic: declining prices do not induce large increases in
consumption, while higher prices do not significantly restrain consumption. For
example, the price of unleaded regular gasoline rose from an average of $2.57 in
2006 to $3.25 in 2008 (a 26.5 percent increase)®® and vehicle miles traveled
decreased by 1.3 percent.>* Within the United States, demand for gasoline, diesel,
and jet fuel within the transportation sector is particularly inelastic.

e Demand for oil is projected to increase significantly worldwide in the next several
decades, resulting in upward oil cost pressure. Between 2007 and 2035, total world
petroleum consumption is expected to grow from 86.1 to 110.6 million barrels per
day.*®

e Foreign oil production facilities, refineries, and supply chains have been disrupted
from time to time, either by wars, political action by oil producers, civil unrest, or
natural disasters.

e High oil prices, sometimes induced by disruptions in oil markets, have often
coincided with rising inflation and subsequent economic recessions.

e Greenhouse gas emissions from the consumption of petroleum have become a subject
of increasing public policy concern, both in the United States and internationally.
Greenhouse gases in general and carbon dioxide in particular have not thus far been
subject to National regulation. Studies by multiple sources suggest that rising
atmospheric concentrations of greenhouse gases will damage human health and
welfare.®® There is a direct linkage between the consumption of fossil energy and
emissions of the greenhouse gas carbon dioxide, as essentially all of the carbon in
hydrocarbon fuels is oxidized into carbon dioxide when the fuel is combusted.
Reducing U.S. fossil petroleum consumption will generally induce a proportional
reduction in carbon dioxide emissions.

% U.S. Department of Energy, Energy Information Administration, Monthly Energy Review, July 2011.
See http://www.eia.gov/totalenergy/data/monthly/pdf/sec3_3.pdf (last accessed August 30, 2011).
®1 U.S. Department of Energy, Energy Information Administration, Monthly Energy Review, July 2011.
382ee http://www.eia.gov/totalenergy/data/monthly/pdf/sec3_7.pdf (last accessed August 30, 2011).

Ibid.
% U.S. Department of Energy, Energy Information Administration, Weekly Retail and Gasoline Diesel
Prices. See http://www.eia.gov/dnav/pet/pet pri_gnd_dcus_nus_m.htm (last accessed, August 30, 2011).
# U.S. Department of Transportation, Federal Highway Administration, Office of Highway Policy
Information, Quick Find: Vehicle Miles of Travel, Table VM-2 (2006 and 2008). Available at
http://www.fhwa.dot.gov/policyinformation/quickfinddata/gftravel.cfm (last accessed August 30, 2011).
% U.S. Department of Energy, Energy Information Administration, International Energy Outlook 2010,
Table A5 (p. 150). Available at http://www.eia.gov/oiaf/ieo/pdf/0484%282010%29.pdf (last accessed
August 30, 2011).
% |PCC 2007: Climate Change 2007: Synthesis Report: Contributions of Working Groups I, 11, and 111 to
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, [Core writing team,
Pachauri, R.K. and Reisinger, A. 9eds.)] (Published by the Intergovernmental Panel on Climate Change,
2008). Available at http://www.ipcc.ch/pdf/assessment-report/ard/syr/ard_syr.pdf (last accessed August
30, 2011).



http://www.eia.gov/totalenergy/data/monthly/pdf/sec3_3.pdf
http://www.eia.gov/totalenergy/data/monthly/pdf/sec3_7.pdf
http://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_nus_m.htm
http://www.fhwa.dot.gov/policyinformation/quickfinddata/qftravel.cfm
http://www.eia.gov/oiaf/ieo/pdf/0484%282010%29.pdf
http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr.pdf
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Energy is an essential input to the U.S. economy, and having a strong economy is essential to
maintaining and strengthening our National security. Secure, reliable, and affordable energy
sources are fundamental to economic stability and development. Rising energy demand
poses a challenge to energy security, given increased reliance on global energy markets. As
noted above, approximately half of the petroleum consumed in the U.S. is imported.

Conserving energy, especially reducing the Nation’s dependence on petroleum, benefits the
U.S. in several ways. Improving energy efficiency has benefits for economic growth and the
environment, as well as other benefits, such as reducing pollution and improving security of
energy supply. More specifically, reducing total petroleum use decreases our economy’s
vulnerability to oil price shocks. Reducing dependence on oil imports from regions with
uncertain conditions enhances our energy security and can reduce the flow of oil profits to
certain states now hostile to the U.S.

This CAFE Notice of Proposed Rulemaking encourages conservation of petroleum for
transportation by the application of broader use of fuel saving technologies, resulting in more
fuel-efficient vehicles, i.e., vehicles requiring less fuel consumption per unit mile.

Table 11-1 presents historical trend data and projections of the production and consumption of
petroleum. Increases in domestic petroleum production are expected through 2035 as
technological advances further the economic recoverability of oil from conventional and
unconventional resources. Despite the projected increase in domestic production, by 2035
the U.S. is expected to remain reliant on foreign sources for over 40 percent of its oil needs.

Although not shown in Table II-1, the U.S. petroleum consumption is equivalent to U.S.
petroleum supply. The Energy Information Administration’s measure of U.S. petroleum
supply exceeds the sum of domestic production and net imports because the EIA’s measure
of total supply includes renewable fuel and oxygenate plant net production, refinery and
blender net production, changes in suppliers’ reserve stocks, and adjustments for crude oil,
fuel ethanol, motor gasoline blending components, and distillate fuel oil.
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Table 11-1

Petroleum Production and Supply
(Million Barrels per Day)

Net Net Imports
Domestic Petroleu U.S. World as a Share of
Petroleum m Petroleum Petroleum U.S.

Production | Imports | Consumption | Consumption | Consumption
37 38 39 40 41

1975 10.0 5.8 16.3 56.2 35.8%
1985 10.6 4.3 15.7 60.1 271.3%
1995 8.3 7.9 17.7 70.1 44.5%
2005 6.9 12.5 20.8 84.1 60.3%
2009 7.3 9.7 18.8 84.3 51.5%

DOE
Predictions**
43

2015 8.0 9.8 20.4 88.7 48.1%
2025 8.6 9.1 21.0 97.6 43.2%
2035 8.9 8.9 21.9 110.6 40.5%

3" U.S. Department of Energy, Energy Information Administration, Monthly Energy Review, July 2011.
3Ssee http://www.eia.gov/totalenergy/data/monthly/pdf/sec3_3.pdf (last accessed August 30, 2011).

Ibid.
* Ibid.
“0'U.S. Department of Energy, Energy Information Administration, International Energy Statistics, Total
Petroleum Consumption. See http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=5&pid=5&aid=2
(last accessed, August 30, 2011).
*1 U.S. Department of Energy, Energy Information Administration, Monthly Energy Review, July 2011.
See http://www.eia.gov/totalenergy/data/monthly/pdf/sec3 7.pdf (last accessed July 29, 2011).
*2 Source of Predictions of Domestic Petroleum Production, Net Petroleum Imports, and U.S. Petroleum
Consumption: U.S. Department of Energy, Energy Information Administration, Annual Energy Outlook
2011, Table A11 (p. 137). Available at http://www.eia.gov/forecasts/aeo/pdf/0383%282011%29.pdf (last
accessed August 30, 2011).
*% Source of Predictions of World Petroleum Consumption: U.S. Department of Energy, Energy
Information Administration, International Energy Outlook 2010, Table A5 (p. 150). Available at
http://www.eia.gov/oiaf/ieo/pdf/0484%282010%29.pdf (last accessed August 30, 2011).



http://www.eia.gov/totalenergy/data/monthly/pdf/sec3_3.pdf
http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=5&pid=5&aid=2
http://www.eia.gov/totalenergy/data/monthly/pdf/sec3_7.pdf
http://www.eia.gov/forecasts/aeo/pdf/0383%282011%29.pdf
http://www.eia.gov/oiaf/ieo/pdf/0484%282010%29.pdf
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Table 11-2 shows that light vehicle petroleum consumption made up 74.1 percent of all
transportation petroleum consumption in 2009. Therefore, reductions in light vehicle
petroleum consumption resulting from increases in CAFE fuel economy standards will
substantively support the Nation’s efforts to conserve energy.

Table I1-2
Petroleum

Transportation Consumption by Mode
(Thousand Barrels per Day)**

Light

Vehicles as
Passenger Light Total Light Total % of
Cars Trucks Vehicles | Transportation Trans.
1975 4,836 1,245 6,081 8,472 71.8%
1985 4,665 1,785 6,450 9,536 67.6%
1995 4,440 2,975 7,415 11,346 65.4%
2005 5,050 3,840 8,890 14,020 63.4%
2009 4,662 4,019 8,681 11,708 74.1%

* U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Transportation Energy
Data Book, Table 1.13. Available at http://cta.ornl.gov/data/chapterl.shtml (last accessed August 30,
2011).



http://cta.ornl.gov/data/chapter1.shtml
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I1l. BASELINE AND ALTERNATIVES
A. The Baseline Vehicle Fleet
1. Why establish a baseline vehicle fleet?

In order to calculate the impacts of the final rule, it is necessary to estimate the
composition of the future vehicle fleet absent the final CAFE standards in order to
conduct comparisons. EPA in consultation with NHTSA developed a comparison fleet in
two parts. The first step was to develop a baseline fleet based on model year 2008 data.
The 2008-based fleet is created in order to track the volumes and types of fuel economy-
improving technologies which are already present in today’s fleet. Creating a 2008-based
fleet helps to keep, to some extent, the agencies’ models from adding technologies to
vehicles that already have these technologies, which would result in “double counting” of
technologies’ costs and benefits. The second step was to project the 2008-based fleet
sales into MYs 2017-2025. This is called the reference fleet, and it represents an attempt
to predict the fleet that would exist in MY's 2017-2025 without the MY2009-2010,
MY2011, or MY2012-2016 rules. The third step was to add technologies to that fleet
such that each manufacturer’s average car and truck CO; levels are in compliance with
their MY 2016 CAFE standards proposed in this rule, assuming that manufacturers would
not make fuel economy improvements beyond what is required by the MY 2016
standards. This final “reference fleet” is the light duty fleet estimated to exist in MYs
2017-2025 without the final CAFE standards. All of the agency’s estimates of fuel
economy improvements, costs, and societal impacts are developed in relation to the
respective reference fleets.

2. How was the 2008-based vehicle fleet developed?

The baseline that EPA developed in consultation with NHTSA for the 2012-2016 final
rule was comprised of model year 2008 CAFE compliance data (specifically, individual
vehicles with sales volumes disaggregated at the level of specific engine/transmission
combinations) submitted by manufacturers to EPA, in part because full MY 2009 data
was not available at the time. For this NPRM, the agencies chose again to use MY 2008
vehicle data as the basis of the baseline fleet, but for different reasons than in the 2012-
2016 final rule. First, MY 2008 is now the most recent model year for which the industry
had what the agencies would consider to be “normal” sales. Complete MY 2009 data is
now available for the industry, but the agencies believe that the model year was disrupted
by the economic downturn and the bankruptcies of both General Motors and Chrysler.
CAFE compliance data shows that there was a significant reduction in the number of
vehicles sold by both companies and by the industry as a whole. These abnormalities led
the agencies to conclude that MY 2009 data was likely not representative for projecting
the future fleet for purposes of this analysis. And second, while MY 2010 data is likely
more representative for projecting the future fleet, it was not complete and available in
time for it to be used for the NPRM analysis. Therefore, for purposes of the NPRM
analysis, the agencies chose to use MY 2008 CAFE compliance data for the baseline
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since it was the latest, most representative transparent data set that we had available.
More details about how the agencies constructed this baseline fleet can be found in
Chapter 1.2 of the Joint TSD. However, the agencies plan to use the MY 2010 data, if
available, to develop an updated market forecast for use in the final rule. If and when the
MY 2010 data becomes available, the agencies will place a copy of this data into each
agencies’ docket.

3. How was the projected MY 2017-2025 fleet (the reference fleet)

developed?

EPA and NHTSA have based the projection of total car and total light truck sales for
MY's 2017-2025 on projections made by the Department of Energy’s Energy Information
Administration (EIA). EIA publishes a mid-term projection of national energy use called
the Annual Energy Outlook (AEO). This projection utilizes a number of technical and
econometric models which are designed to reflect both economic and regulatory
conditions expected to exist in the future. In support of its projection of fuel use by light-
duty vehicles, EIA projects sales of new cars and light trucks.

EPA and NHTSA have based the projection of total car and light truck sales on the most
recent projections available made by the Energy Information Administration (EIA). EIA
publishes a projection of national energy use annually called the Annual Energy Outlook
(AEO).* EIA published its Early Annual Energy Outlook for 2011 in December 2010.
EIA released updated data to NHTSA in February (Interim AEQO). The final release of
AEO for 2011 came out in April 2011, but by that time EPA/NHTSA had already
prepared modeling runs for potential 2017-2025 standards using the interim data release
to NHTSA. EPA and NHTSA will use the newest version of AEO available in projecting
the reference fleet for the final rule.

Similar to the analyses supporting the MY's 2012-2016 rulemaking, the agencies have
used the Energy Information Administration’s (EIA’s) National Energy Modeling System
(NEMS) to estimate the future relative market shares of passenger cars and light trucks.
However, NEMS methodology includes shifting vehicle sales volume, starting after
2007, away from fleets with lower fuel economy (the light-truck fleet) towards vehicles
with higher fuel economies (the passenger car fleet) in order to facilitate compliance with
CAFE and GHG MYs 2012-2016 standards.

Because we use our market projection as a baseline relative to which we measure the
effects of new standards, and we attempt to estimate the industry’s ability to comply with
new standards without changing product mix (i.e., we analyze the effects of the proposed
rules assuming manufacturers will not change fleet composition as a compliance strategy,
as opposed to changes that might happen due to market forces), the Interim AEO 2011-
projected shift in passenger car market share as a result of required fuel economy
improvements creates a circularity. Therefore, for the current analysis, the agencies
developed a new projection of passenger car and light truck sales shares by running
scenarios from the Interim AEO 2011 reference case that first deactivate the above-
mentioned sales-volume shifting methodology and then hold post-2017 CAFE standards

*® Department of Energy, Energy Information Administration, Annual Energy Outlook (AEO) 2011, Early
Release. Available at http://www.eia.gov/forecasts/aeo/ (last accessed Aug. 15, 2011).
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constant at MY 2016 levels. This is referred to as the Unforced Reference Case.
Incorporating these changes reduced the projected passenger car share of the light vehicle
market by an average of about 5% during 2017-2025.

In 2017, car and light truck sales are projected to be 8.4 and 7.4 million units,
respectively. While the total level of sales of 15.8 million units is similar to pre-2008
levels, the fraction of car sales in 2017 and beyond is projected to be higher than in the
2000-2007 timeframe. Note that EIA’s definition of cars and trucks follows that used by
NHTSA prior to the MY 2011 CAFE final rule. The MY 2011 CAFE final rule
reclassified approximately 1 million 2-wheel drive sport utility vehicles from the truck
fleet to the car fleet.

In addition to a shift towards more car sales, sales of segments within both the car and
truck markets have also been changing and are expected to continue to change in the
future. Manufacturers are continuing to introduce more crossover models which offer
much of the utility of SUVs but use more car-like designs and unibody structures. In
order to reflect these changes in fleet makeup, EPA and NHTSA used a custom long
range forecast purchased from CSM Worldwide (CSM). CSM is a well-known industry
analyst, that provided the forecast used by the agencies for the 2012-2016 final rule.
NHTSA and EPA decided to use the forecast from CSM for several reasons. One, CSM
uses a ground up approach (e.g., looking at the number of plants and capacity for specific
engines, transmissions, and vehicles) for their forecast, which the agencies believe is a
robust forecasting approach. Two, CSM agreed to allow us to publish their high level
data, on which the forecast is based, in the public domain. Three, the CSM forecast
covered all the timeframe of greatest relevance to this analysis (2017-2025 model years).
Four, it provided projections of vehicle sales both by manufacturer and by market
segment. And five, it utilized market segments similar to those used in the EPA emission
certification program and fuel economy guide, such that the agencies could include only
the vehicle types covered by the proposed standards.

The agencies combined the CSM forecast with data from other sources to create the

reference fleet projections. The process of producing the 2017-2025 reference fleet

involved combining the baseline fleet with the projection data. This was a complex

multistep procedure, which is described below and in more detail in Chapter 1 of the
Joint TSD. This procedure is the same as that used for the 2012-2016 rule.

We then projected the CSM forecasts for relative sales of cars and trucks by manufacturer
and by market segment onto the total sales estimates of AEO 2011. Tables 111.A.3-1 and
I11.A.3-2 show the resulting projections for the reference 2025 model year and compare
these to actual sales that occurred in baseline 2008 model year. Both tables show sales
using the traditional definition of cars and light trucks.
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Table 111 A.3-1 Annual Sales of Light-Duty Vehicles by Manufacturer in 2008 and

Estimated for 2025
Cars Light Trucks Total
2008 MY [ 2025 MY [ 2008 MY 2025 MY 2008 MY 2025 MY
Aston Martin 1,370 1,182 1,370 1,182
BMW 291,796 405,256 61,324 145,409 353,120 550,665
Daimler 208,195 340,719 79,135 101,067 287,330 441,786
Fiat/Chrysler 542,003 381,829 1,119,397 394,070 1,661,400 775,899
Ford 654,539 989,401 1,116,354 1,235,185 1,770,893 2,224,586
Geely/Volvo 55,600 88,039 42,797 55,657 98,397 143,696
General Motors 1,350,211 | 1,395,849 1,744,977 1,802,094 3,095,188 3,197,943
Honda 899,498 | 1,233,439 612,281 664,579 1,511,779 1,898,018
Hyundai 270,293 479,443 120,734 365,943 391,027 845,386
Kia 145,863 260,649 135,589 199,787 281,452 460,436
Lotus 252 316 252 316
Mazda 191,326 250,553 111,220 117,619 302,546 368,172
Mitsubishi 76,701 54,092 24,028 55,600 100,729 109,692
Nissan 653,121 895,341 370,294 545,889 1,023,415 1,441,229
Porsche 18,909 40,696 18,797 11,219 37,706 51,915
Spyker/Saab 21,706 23,130 4,250 3,475 25,956 26,605
Subaru 85,629 230,101 112,952 101,592 198,581 331,692
Suzuki 68,720 96,728 45,938 27,800 114,658 124,528
Tata 9,596 65,418 55,584 56,805 65,180 122,223
Tesla 800 31,974 800 31,974
Toyota 1,143,696 | 1,942,012 1,067,804 1,376,057 2,211,500 3,318,069
Volkswagen 291,483 630,163 26,999 154,284 318,482 784,447
Total 6,981,307 | 9,836,330 6,870,454 7,414,129 | 13,851,761 | 17,250,459
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Table 111 A.3-2 Annual Sales of Light-Duty Vehicles by Market Segment in 2008 and
Estimated for 2025

Cars Light Trucks
2008 MY | 2025 MY 2008 MY [ 2025 MY
Full-Size Car 829,896 245,355 | Full-Size Pickup 1,332,335 | 1,002,806
Luxury Car 1,048,341 | 1,637,410 [ Mid-Size Pickup 452,013 431,272
Mid-Size Car 2,103,108 | 2,713,078 | Full-Size Van 33,384 88,572
Mini Car 617,902 | 1,606,114 | Mid-Size Van 719,529 839,452
Small Car 1,912,736 | 2,826,190 [ Mid-Size MAV* 110,353 548,457
Specialty Car 469,324 808,183 | Small MAV 231,265 239,065
Full-Size SUV* 559,160 46,978
Mid-Size SUV 436,080 338,849
Small SUV 196,424 71,827
Full-Size CUV* 264,717 671,665
Mid-Size CUV 923,165 | 1,259,483
Small CUV 1,612,029 | 1,875,703
Total Sales** 6,981,307 | 9,836,330 6,870,454 | 7,414,129

* MAV — Multi-Activity Vehicle, SUV — Sport Utility Vehicle, CUV — Crossover Utility Vehicle
**Total Sales are based on the classic Car/Truck definition.

Determining which traditionally-defined trucks will be defined as cars for purposes of

this analysis using the revised definition established by NHTSA for MYs 2011 and
beyond requires more detailed information about each vehicle model. This is described
in greater detail in Chapter 1 of the TSD.

The forecasts obtained from CSM provided estimates of car and truck sales by segment
and by manufacturer, but not by manufacturer for each market segment. Therefore,
NHTSA and EPA needed other information on which to base these more detailed
projected market splits. For this task, the agencies used as a starting point each
manufacturer’s sales by market segment from model year 2008, which is the baseline
fleet. Because of the larger number of segments in the truck market, the agencies used
slightly different methodologies for cars and trucks.

The first step for both cars and trucks was to break down each manufacturer’s 2008 sales
according to the market segment definitions used by CSM. For example, the agencies
found that Ford’s cars sales in 2008 were broken down as shown in Table I11 A.3-3:



64

Table 111 A.3-3 Breakdown of Ford’s 2008 Car Sales

Full-size cars 160,857 units
Mid-size Cars 170,399 units
Small/Compact Cars 180,249 units
Subcompact/Mini Cars None

Luxury cars 87,272 units
Specialty cars 110,805 units

EPA and NHTSA then adjusted each manufacturer’s sales of each of its car segments
(and truck segments, separately) so that the manufacturer’s total sales of cars (and trucks)
matched the total estimated for each future model year based on AEO and CSM
forecasts. For example, as indicated in Table 111 A. 3-3, Ford’s total car sales in 2008
were 709,583 units, while the agencies project that they will increase to 1,222,532 units
by 2025. This represents an increase of 72.3 percent. Thus, the agencies increased the
2008 sales of each Ford car segment by 72.3 percent. This produced estimates of future
sales which matched total car and truck sales per AEO and the manufacturer breakdowns
per CSM. However, the sales splits by market segment would not necessarily match
those of CSM (shown for 2025 in Table 111 A.3-1).

In order to adjust the market segment mix for cars, the agencies first adjusted sales of
luxury, specialty and other cars. Since the total sales of cars for each manufacturer were
already set, any changes in the sales of one car segment had to be compensated by the
opposite change in another segment. For the luxury, specialty and other car segments, it
is not clear how changes in sales would be compensated. For example, if luxury car sales
decreased, would sales of full-size cars increase, mid-size cars, and so on? The agencies
have assumed that any changes in the sales of cars within these three segments were
compensated for by proportional changes in the sales of the other four car segments. For
example, for 2025, the figures in Table I11.A.3-2 indicate that luxury car sales in 2025 are
1,633,410 units. Luxury car sales are 1,048,341 units in 2008. However, after adjusting
2008 car sales by the change in total car sales for 2025 projected by EIA and a change in
manufacturer market share per CSM, luxury car sales decreased to 1,539,165 units.

Thus, overall for 2025, luxury car sales had to increase by 98,245 units or 6 percent. The
agencies accordingly increased the luxury car sales by each manufacturer by this
percentage. The absolute decrease in luxury car sales was spread across sales of full-size,
mid-size, compact and subcompact cars in proportion to each manufacturer’s sales in
these segments in 2008. The same adjustment process was used for specialty cars and the
“other cars” segment defined by CSM.
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The agencies used a slightly different approach to adjust for changing sales of the
remaining four car segments. Starting with full-size cars, the agencies again determined
the overall percentage change that needed to occur in future year full-size car sales after
1) adjusting for total sales per AEO 2010, 2) adjusting for manufacturer sales mix per
CSM and 3) adjusting the luxury, specialty and other car segments, in order to meet the
segment sales mix per CSM. Sales of each manufacturer’s large cars were adjusted by
this percentage. However, instead of spreading this change over the remaining three
segments, the agencies assigned the entire change to mid-size vehicles. The agencies did
so because the CSM data followed the trend of increasing volumes of smaller cars while
reducing volumes of larger cars. If a consumer had previously purchased a full-size car,
we thought it unlikely that their next purchase would decrease by two size categories,
down to a subcompact. It seemed more reasonable to project that they would drop one
vehicle size category smaller. Thus, the change in each manufacturer’s sales of full-size
cars was matched by an opposite change (in absolute units sold) in mid-size cars.

The same process was then applied to mid-size cars, with the change in mid-size car sales
being matched by an opposite change in compact car sales. This process was repeated
one more time for compact car sales, with changes in sales in this segment being matched
by the opposite change in the sales of subcompacts. The overall result was a projection
of car sales for model years 2017-2025--the reference fleet--which matched the total sales
projections of the AEO forecast and the manufacturer and segment splits of the CSM
forecast.

As mentioned above, the agencies applied a slightly different process to truck sales,
because the agencies could not confidently project how the change in sales from one
segment preferentially went to or came from another particular segment. Some trend
from larger vehicles to smaller vehicles would have been possible. However, the CSM
forecasts indicated large changes in total sport utility vehicle, multi-activity vehicle and
cross-over sales which could not be connected. Thus, the agencies applied an iterative,
but straightforward process for adjusting 2008 truck sales to match the AEO and CSM
forecasts. The first three steps were exactly the same as for cars. EPA and NHTSA
broke down each manufacturer’s truck sales into the truck segments as defined by CSM.
The agencies then adjusted all manufacturers’ truck segment sales by the same factor so
that total truck sales in each model year matched AEO projections for truck sales by
model year. The agencies then adjusted each manufacturer’s truck sales by segment
proportionally so that each manufacturer’s percentage of total truck sales matched that
forecast by CSM. This again left the need to adjust truck sales by segment to match the
CSM forecast for each model year.

In the fourth step, the agencies adjusted the sales of each truck segment by a common
factor so that total sales for that segment matched the combination of the AEO and CSM
forecasts. For example, projected sales of large pickups across all manufacturers were
932,610 units in 2025 after adjusting total sales to match AEQ’s forecast and adjusting
each manufacturer’s truck sales to match CSM’s forecast for the breakdown of sales by
manufacturer. Applying CSM’s forecast of the large pickup segment of truck sales to
AEQ’s total sales forecast indicated total large pickup sales of 1,002,086 units. Thus, we
increased each manufacturer’s sales of large pickups by 7 percent. The agencies applied
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the same type of adjustment to all the other truck segments at the same time. The result
was a set of sales projections which matched AEO’s total truck sales projection and
CSM’s market segment forecast. However, after this step, sales by manufacturer no
longer met CSM’s forecast. Thus, we repeated step three and adjusted each
manufacturer’s truck sales so that they met CSM’s forecast. The sales of each truck
segment (by manufacturer) were adjusted by the same factor. The resulting sales
projection matched AEQO’s total truck sales projection and CSM’s manufacturer forecast,
but sales by market segment no longer met CSM’s forecast. However, the difference
between the sales projections after this fifth step was closer to CSM’s market segment
forecast than it was after step three. In other words, the sales projection was converging
to the desired result. The agencies repeated these adjustments, matching manufacturer
sales mix in one step and then market segment in the next a total of 19 times. At this
point, we were able to match the market segment splits exactly and the manufacturer
splits were within 0.1 percent of our goal, which is well within the needs of this analysis.

The next step in developing the reference fleets was to characterize the vehicles within
each manufacturer-segment combination. In large part, this was based on the
characterization of the specific vehicle models sold in 2008 -- i.e., the vehicles
comprising the baseline fleet. EPA and NHTSA chose to base our estimates of detailed
vehicle characteristics on 2008 sales for several reasons. One, these vehicle
characteristics are not confidential and can thus be published here for careful review by
interested parties. Two, because it is constructed beginning with actual sales data, this
vehicle fleet is limited to vehicle models known to satisfy consumer demands in light of
price, utility, performance, safety, and other vehicle attributes.

As noted above, the agencies gathered most of the information about the 2008 baseline
vehicle fleet from EPA’s emission certification and fuel economy database. The data
obtained from this source included vehicle production volume, fuel economy, engine
size, number of engine cylinders, transmission type, fuel type, etc. EPA’s certification
database does not include a detailed description of the types of fuel economy-
improving/CO,-reducing technologies considered in this final rule. Thus, the agencies
augmented this description with publicly available data which includes more complete
technology descriptions from Ward’s Automotive Group.*® In a few instances when
required vehicle information (such as vehicle footprint) was not available from these two
sources, the agencies obtained this information from publicly accessible internet sites
such as Motortrend.com and Edmunds.com.”’

The projections of future car and truck sales described above apply to each
manufacturer’s sales by market segment. The EPA emissions certification sales data are
available at a much finer level of detail, essentially vehicle configuration. As mentioned
above, the agencies placed each vehicle in the EPA certification database into one of the
CSM market segments. The agencies then totaled the sales by each manufacturer for
each market segment. If the combination of AEO and CSM forecasts indicated an
increase in a given manufacturer’s sales of a particular market segment, then the sales of
all the individual vehicle configurations were adjusted by the same factor. For example,

*® Note that WardsAuto.com is a fee-based service, but all information is public to subscribers.
*" Motortrend.com and Edmunds.com are free, no-fee internet sites.
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if the Prius represented 30 percent of Toyota’s sales of compact cars in 2008 and
Toyota’s sales of compact cars in 2025 was projected to double by 2025, then the sales of
the Prius were doubled, and the Prius sales in 2025 remained 30 percent of Toyota’s
compact car sales.

For the final rule, the agencies intend to use a more recent version of EIAs AEO, and we
also will consider using MY 2010 for the baseline, and potentially an updated future
market forecast.

4. How is the development of the baseline fleet for this rule
different from the baseline fleet that NHTSA used for the MY
2012-2016 (May 2010) final rule?

The development of the baseline fleet for this rulemaking utilizes the same procedures
used in the development of the baseline fleet for the MY 2012-2016 rulemaking. Unlike
that rulemaking we are not making the radical change from using product plan based data
to public data. We are using an updated AEO forecast and an updated CSM forecast, but
are using basically the same MY 2008 based file as the starting point. Most differences
are in input assumptions rather than the basic approach and methodology. These include
changes in various macro economic assumptions underlying the AEO and CSM forecasts
and the use of the AEO Unforced Reference Case.

Another change in the market input data from the last rulemaking involved our
redefinition of the list of manufacturers to account for realignment taking place within the
industry. The reported results supporting this rulemaking recognize the fact that Volvo
vehicles are no longer a part of Ford, but are reported as a separate company, Geely; that
Saab vehicles are no longer part of GM, but are reported as part of Spyker; and that
Chrysler, along with Ferrari and Maserati are reported as Fiat.

In addition low volume, specialty manufacturers omitted from the analysis supporting the
MY 2012-2016 rulemaking have been included in the analysis supporting this
rulemaking. These include Aston Martin, Lotus and Tesla.

The agencies’ reasons for not relying on product plan data for the development of the
baseline fleet were discussed in the Regulatory Impact Analysis* for the MY 2012-MY
2016 rulemaking and are summarized below. The agencies could find no compelling
reason for abandoning the approach used in that rulemaking in developing the baseline
fleet for the current rulemaking.

The RIA discusses the advantages and disadvantages of the market forecast approach
used by the agencies. Two major disadvantages were noted as follows. First, the
agencies’ current market forecast includes some vehicles for which manufacturers have
announced plans for elimination or drastic production cuts. However, although the

“® Final Regulatory Impact Analysis, Corporate Average Fuel Economy for MY 2012-MY 2016 Passenger
Cars and Light Trucks, Office of Regulatory Analysis and Evaluation and National Center for Statistics and
Analysis, National Highway Traffic Safety Administration , U.S. Department of Transportation, March
2010. http://www.nhtsa.gov/staticfiles/rulemaking/pdf/cafe/ CAFE_2012-2016 FRIA_04012010.pdf (last
accessed November 13, 2011)
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agencies recognize that these specific vehicles will be discontinued, we continue to
include them in the market forecast because they are useful as a surrogate for successor
vehicles that may appear in the rulemaking time frame to replace the discontinued
vehicles in that market segment.

Second, the agencies’ market forecast does not include several MY 2009 or 2010
vehicles, such as the Honda Insight, the Hyundai Genesis and the Toyota Venza and
some forthcoming vehicle models, such as the Chevrolet Volt, since the starting point for
defining specific vehicle models in the reference fleet was Model Year 2008. It has been
suggested that the agencies’ omission of known future vehicles and technologies in the
reference fleet causes inaccuracies. Because the agencies’ analysis examines the costs
and benefits of progressively adding technology to manufacturers’ fleets, the omission of
future vehicles and technologies primarily affects how much additional technology (and,
therefore, how much incremental cost and benefit) is available relative to the point at
which the agencies’ examination of potential new standards begins. Thus, in fact, the
omission only reflects the reference fleet, rather than the agencies’ conclusions regarding
how stringent the standards should be. Considering the incremental nature of the
agencies’ analysis, and the counterbalancing aspects of potentially omitted technology in
the reference fleet, the agencies believe their determination of the stringency of new
standards has not been impacted by any such omissions. However, omitting the known
future vehicles and technologies may lead to an overstatement of the benefits and costs of
the rule. For example, in the 2008-baseline assumption we assume the profitable
technologies to place on MY2017-2025 vehicles are not provided by manufacturers. Such
technologies include some transmission technologies such as the “6sp DCT-dry”, which
we forecast actually have negative costs for the manufacturer.

There are several advantages to the approach used by the agencies in developing the
reference fleet for this rulemaking. Most importantly, the market forecast is transparent.
The information sources used to develop the market forecast are all either in the public
domain or available commercially. In addition, by developing baseline and reference
fleets from common sources, the agencies have been able to avoid some errors—perhaps
related to interpretation of requests—that have been observed in past responses to
NHTSA’s requests for product plan data. An additional advantage of the approach used
for this proposal is a consistent projection of the change in fuel economy and CO,
emissions across the various vehicles from the application of new technology. With the
approach used for this rulemaking, the baseline market data comes from actual vehicles
(on the road today) which have actual fuel economy test data (in contrast to manufacturer
estimates of future product fuel economy) — so there is no question what is the basis for
the fuel economy or CO, performance of the baseline market data as it is. However, the
agencies recognize the additional information about future products contained in
manufacturers’ confidential data.

The agencies have carefully considered these advantages and disadvantages of using a
market forecast derived from public and commercial sources rather than from
manufacturers’ product plans, and we believe that the advantages outweigh the
disadvantages for the purpose of proposing standards for model years 2017-2025.



69

5. How is this baseline different quantitatively from the baseline
that NHTSA used for the MY 2012-2016 (May 2010) final rule?

As discussed above, the current baseline was developed from adjusted MY 2008
compliance data and covers MY 2017-2025. This section describes, for the reader’s
comparison, some of the differences between the current baseline and the MY 2012-2016
CAFE rule baseline. This comparison provides a basis for understanding general
characteristics and measures of the difference between the two baselines. The current
baseline, while developed using the same methods as the baseline used for MY 2012-
2016 rulemaking, reflects updates to the underlying commercially-available forecast of
manufacturer and market segment shares of the future light vehicle market. The
differences are in input assumptions rather than the basic approach and methodology. It
also includes changes in various macro economic assumptions underlying the AEO
forecasts and the use of the AEO Unforced Reference Case. Another change in the
market input data from the last rulemaking involved our redefinition of the list of
manufacturers to account for realignment taking place within the industry.

Estimated vehicle sales:

The sales forecasts, based on the Energy Information Administration’s (EIA’s) Early
Annual Energy Outlook for 2011 (Interim AEO 2011), used in the current baseline
indicate that the total number of light vehicles expected to be sold during MY's 2012-
2016 is 79 million, or about 15.8 million vehicles annually. NHTSA’s MY 2012-2016
final rule forecast, based on AEO 2010, of the total number of light vehicles likely to be
sold during MY 2012 through MY 2016 was 80 million, or about 16 million vehicles
annually. Light trucks are expected to make up 37 percent of the MY 2016 baseline
market forecast in the current baseline, compared to 34 percent of the baseline market
forecast in the MY 2012-2016 final rule. These changes in both the overall size of the
light vehicle market and the relative market shares of passenger cars and light trucks
reflect changes in the economic forecast underlying AEO, changes in AEO’s forecast of
future fuel prices, and use of the Unforced Reference Case.

Estimated manufacturer market shares:

These changes are reflected below in Table 111 A.5-1, which shows the agency’s sales
forecasts for passenger cars and light trucks under the current baseline and the MY 2012-
2016 final rule. There has been a general decrease in MY 2016 forecast overall sales and
for all manufacturers, with the exception of Chrysler, when the current baseline is
compared to that used in the MY 2012-2016 rulemaking. There were no significant shifts
in manufacturers’ market shares between the two baselines. The effect of including the
low volume specialty manufacturers and accounting for known corporate realignments in
the current baseline appear to be negligible. There has been a shift in the shares of
passenger and non passenger vehicles as would be expected given that the agency is
relying on different underlying assumptions as discussed above and in Chapter 1 of the
joint TSD.
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Table 11 A.5-1. Sales Forecasts (Production for U.S. Sale in MY 2016, Thousand Units)

MY Zogjg‘%G Final Current Baseline

Manufacturer Paségﬁger Light Truck Paséj;ger Light Truck
Aston Martin 1

BMW 423 171 383 184
Daimler 271 126 245 136
Fiat/Chrysler 400 462 392 498
Ford 1,559 911 1,393 930
Geely/Volvo 94 50
General

Motors 1,514 1,342 1,391 1,444
Honda 930 545 862 588
Hyundai 518 92 489 99
Kia 548 115 512 124
Lotus 0.3

Mazda 420 72 393 78
Mitsubishi 83 55 80 60
Nissan 946 381 869 410
Porsche 33 17 30 18
Spyker/Saab 18 2
Subaru 207 117 236 74
Suzuki 103 20 94 21
Tata 65 42 59 46
Tesla 27

Toyota 2,226 1,077 2,043 1,159
Volkswagen 583 124 528 134
Total 10,832 5,669 10,139 6,055

Estimated achieved fuel economy levels:

The current baseline market forecast shows industry-wide average fuel economy levels
somewhat lower in MY 2016 than shown in the baseline market forecast for the MY
2012-2016 rulemaking. Under the current baseline, average fuel economy for MY 2016
is 27.0 mpg, versus 27.3 mpg under the baseline in the MY 2012-2016 rulemaking. The

* Again, Aston Martin, Alfa Romeo, Ferrari, Maserati, Lotus and Tesla were not included in the baseline
of the MY 2012-2016 rulemaking; VVolvo vehicles were reported under Ford and Saab vehicles were
reported under GM; and Chrysler was reported as a separate company whereas now it is reported as part of
Fiat and includes Alfa Romeo, Ferrari, and Maserati.
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0.3 mpg change relative to the MY 2012-2016 rulemaking’s baseline is the result of
changes in the shares of passenger and non passenger vehicles in the MY 2016 market as
noted above.

These differences are shown in greater detail below in Table 111 A.5-1, which shows
manufacturer-specific CAFE levels (not counting FFV credits that some manufacturers
expect to earn) from the current baseline versus the MY 2012-2016 rulemaking baseline
for passenger cars and light trucks. Table 111 A.5-2 shows the combined averages of
these planned CAFE levels in the respective baseline fleets. These tables demonstrate
that there are no significant differences in CAFE for passenger or non passenger vehicles
at the manufacturer level between the current baseline and the MY 2012-2016
rulemaking baseline. The differences become more significant at the manufacturer level
when combined CAFE levels are considered. Here we see a general decline in CAFE at
the manufacturer level due to the increased share of light trucks. Because the agencies
have, as for the MY 2012-2016 rulemaking, based this market forecast on vehicles in the
MY 2008 fleet, these changes in CAFE levels reflect changes in vehicle mix, not changes
in the fuel economy achieved by individual vehicle models.



72

Table Il A.5-2. Current Baseline CAFE Levels in MY 2016 versus MY 2012-2016 Rule
Making CAFE Levels (Passenger Car and Light Truck)

MY 2012-2016 Final Rule *° Current Baseline
Manufacturer Passenger Light Truck Passenger Light Truck
Car Car

Aston Martin 18.83
BMW 27.19 23.04 27.19 23.03
Daimler 25.25 21.12 25.50 21.13
Fiat/Chrysler 28.69 22.19 27.74 22.19
Ford 28.14 21.31 28.24 21.32
Geely/Volvo 25.89 21.08
General Motors 28.42 21.45 28.38 21.45
Honda 33.98 25.05 33.83 25.02
Hyundai 32.02 24.30 31.74 24.29
Kia 32.98 23.74 32.70 23.74
Lotus 29.66
Mazda 30.94 26.41 30.77 26.40
Mitsubishi 28.94 23.59 28.86 23.57
Nissan 32.04 22.11 31.98 22.10
Porsche 26.22 19.98 26.22 19.98
Spyker/Saab 26.54 19.79
Subaru 29.44 26.91 29.59 27.37
Suzuki 30.84 23.29 30.77 23.29
Tata 24.58 19.74 24.58 19.71
Tesla 244.00
Toyota 35.33 24.25 35.22 24.26
Volkswagen 28.99 20.23 28.90 20.24
Total/Average 30.73 22.59 30.65 22.56

% Again, Aston Martin, Alfa Romeo, Ferrari, Maserati, Lotus and Tesla were not included in the baseline
of the MY 2012-2016 rulemaking; Volvo vehicles were reported under Ford and Saab vehicles were
reported under GM; and Chrysler was reported as a separate company whereas now it is reported as part of
Fiat and includes Alfa Romeo, Ferrari, and Maserati.
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Table Il A.5-3. Current Baseline CAFE Levels in MY 2016 versus MY 2012-2016 Rule
Making CAFE Levels (Combined)

Manufacturer MY 201R2u-I2eO5116 Final Current Baseline
Aston Martin 18.83
BMW 25.85 25.68
Daimler 23.77 23.75
Fiat/Chrysler 24.79 24.33
Ford 25.17 24.99
Geely/Volvo 23.99
General

Motors 24.66 24.37
Honda 30.03 29.61
Hyundai 30.56 30.18
Kia 30.89 30.46
Lotus 29.66
Mazda 30.18 29.95
Mitsubishi 26.53 26.33
Nissan 28.38 27.97
Porsche 23.74 23.48
Spyker/Saab 25.70
Subaru 28.47 29.03
Suzuki 29.30 29.04
Tata 22.42 22.19
Tesla 244.00
Toyota 30.75 30.27
Volkswagen 26.94 26.60
Total/Average 27.34 27.03

6. How does manufacturer product plan data factor into the

baseline used in this final rule?

In December 2010, NHTSA requested that manufacturers provide information regarding
future product plans, as well as information regarding the context for those plans (e.g.,
estimates of future fuel prices), and estimates of the future availability, cost, and efficacy

*! Again, Aston Martin, Alfa Romeo, Ferrari, Maserati, Lotus and Tesla were not included in the baseline
of the MY 2012-2016 rulemaking; VVolvo vehicles were reported under Ford and Saab vehicles were
reported under GM; and Chrysler was reported as a separate company whereas now it is reported as part of
Fiat and includes Alfa Romeo, Ferrari, and Maserati.
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of fuel-saving technologies.>® The purpose of this request was to acquire updated
information regarding vehicle manufacturers' future product plans to assist the agency in
assessing what corporate average fuel economy (CAFE) standards should be established
for passenger cars and light trucks manufactured in model years 2017 and beyond. The
request was being issued in preparation for today’s joint Notice of Proposed Rulemaking
regarding future CAFE and greenhouse gas (GHG) standards.

To assist the agency in analyzing potential CAFE standards for MY's 2017 and beyond,
NHTSA requested any updates to product plans previously provided by vehicle
manufacturers, as well as production data through the recent past, including data about
engines, transmissions, vehicle mass reduction technologies, and hybrid technologies for
MY 2010 through MY 2025 passenger cars and light trucks and the assumptions
underlying those plans.

NHTSA indicated that it requested information for MYs 2010-2025 primarily as a basis
for subsequent discussions with individual manufacturers regarding their capabilities for
the MYs 2017-2025 time frame as it worked to develop today’s NPRM. NHTSA
indicated that the information received would supplement other information to be used by
NHTSA to develop a realistic forecast of the vehicle market in MY 2017 and beyond, and
to evaluate what technologies may feasibly be applied by manufacturers to achieve
compliance with potential future standards. NHTSA further indicated that information
regarding later model years could help the agency gain a better understanding of how
manufacturers’ plans through MY 2025 relate to their longer-term expectations regarding
foreseeable regulatory requirements, market trends, and prospects for more advanced
technologies (such as HCCI engines, dual loop cooled EGR, plug-in hybrid, electric, and
fuel cell vehicles, among others).

NHTSA also indicated that it would consider information regarding the model years
requested when considering manufacturers' planned schedules for redesigning and
freshening their products, in order to examine how manufacturers anticipate tying
technology introduction to product design schedules. In addition, the agency requested
information regarding manufacturers' estimates of the future vehicle population, and fuel
economy improvements and incremental costs attributed to technologies reflected in
those plans.

Given the importance that responses to this request for comment may have in informing
NHTSA's proposed CAFE rulemaking, whether as part of the basis for the standards or as
an independent check on them, NHTSA requested that commenters fully respond to each
question, particularly by providing information regarding the basis for technology costs
and effectiveness estimates.

Although NHTSA practice has typically been to request product plan information
reaching several years beyond the end of the anticipated rulemaking time frame in order
to provide this context, many manufacturers submitting comments in the past have
provided relatively little detail in response for those later model years. Considering past
responses to these requests, NHTSA expected that most manufacturers' product plans

52 75 FR 80430
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would be well defined through approximately 2015, somewhat less defined through
approximately 2020, and thereafter, increasingly fluid and open to change. As NHTSA
and EPA are working jointly to consider standards that cover MY's 2017-2025, we
requested that manufacturers provide as much information as they can, spanning as many
of these model years as feasible, and also summarize major sources of uncertainty. For
example, if a manufacturer's plans depend significantly on fuel prices, we requested that
the manufacturer indicate which fuel prices they have assumed, as well as what general
differences in product plans could be expected given significantly lower or higher future
fuel prices. Also, as fuel economy regulations are not defined beyond MY 2016, and
GHG regulations currently do not change after MY 20186, it is expected that product plan
information may be based on requirements continuing to reflect MY 2016 levels through
MY 2025. However, if other assumptions have been used, NHTSA requested those
assumptions be provided.

In addition, NHTSA noted that it would share the information submitted in response to
this notice with the Environmental Protection Agency (EPA), and that doing so would
facilitate NHTSA's and EPA's consideration of the appropriate factors to be used in
establishing fuel economy and GHG standards, respectively, for MY 2017 and beyond.
Both agencies must ensure that confidential information that is shared is protected from
disclosure in accordance with their regulations and practices in this area.

In response to NHTSA’s request, Chrysler, Ford, General Motors, Mazda, Mitsubishi,
and Porsche submitted product plans in February 2011. These plans contain detailed
estimates—including fuel economy levels, technology content, other engineering
characteristics, and sales volumes—of the fleets these manufacturers plan to produce for
sale in the U.S. in the future. Three of these manufacturers provided plans through MY
2016; among the other manufacturers, plans extended through MY's 2015, 2020, and
2025. NHTSA believes these manufacturers’ submitted product plans reflect significant
expenditure of effort and attention to detail. Before preparing today’s NPRM, NHTSA
met with these manufacturers (and others) to discuss their capabilities, and the
information provided in these product plans helped the agency to prepare for and more
effectively question these manufacturers.

For CAFE rulemakings through March 2010 (in that case, for MY 2011), NHTSA used
manufacturers’ product plans—and other information—to build market forecasts
providing the foundation for the agency’s rulemaking analysis. The agency continues to
believe that these market forecasts reflected the most technically sound forecasts the
agency could have then developed for this purpose. Because the agency could not
disclose confidential business information in manufacturers’ product plans, NHTSA
provided summarized information, such as planned CAFE levels and technology
application rates, rather than the fuel economy levels and technology content of specific
vehicle model types.

In preparing the MY 2012-2016 rule jointly with EPA, NHTSA revisited this practice,
and concluded that for that rulemaking, it was important that all reviewers have equal

access to all details of NHTSA’s analysis. NHTSA provided this level of transparency
by releasing not only the agency’s CAFE modeling system (a.k.a. “the Volpe model”),
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but also by releasing all model inputs and outputs for the agency’s analysis. Therefore,
NHTSA worked with EPA, as it did in preparing for analysis supporting today’s
proposal, to build a market forecast based on publicly- and commercially-available
sources. NHTSA continues to believe that the potential technical benefits of relying on
manufacturers’ plans for future products are outweighed by the transparency gained in
building a market forecast that does not rely on confidential business information.

7. How else is NHTSA considering looking at the baseline for the
final rule?

NHTSA has also developed an alternative “market-driven” baseline which assumes that
manufacturers may adopt some fuel-saving measures beyond what is required by the MY
2016 rule. This baseline, discussed in Section X, below, assumes that manufacturers will
compare the cost of fuel-saving technologies to consumers to the fuel savings in the first
year of operation and decide to voluntarily apply those technologies to their vehicles
when benefits for the first year exceeded costs for the consumer. NHTSA seeks comment
on whether this baseline more accurately predicts the likely state of the market in MY
2017 to 2025 than the flat baseline assumption, or whether even more fuel technologies
would be likely to be adopted in the absence of the proposed rule.

NHTSA is also considering developing and using a vehicle choice model to estimate the
extent to which sales volumes would shift in response to changes in vehicle prices and
fuel economy levels. As discussed Chapter V, the agency is currently sponsoring
research directed toward developing such a model. If that effort is successful, the agency
will consider integrating the model into the CAFE modeling system and using the
integrated system for future analysis of potential CAFE standards. If the agency does so,
we expect that the vehicle choice model would impact estimated fleet composition not
just under new CAFE standards, but also under baseline CAFE standards.

B. Alternatives examined by the agency, and why NHTSA is proposing
the Preferred Alternative

1. What regulatory alternatives has NHTSA considered in this
analysis, and why?

In developing the proposed MY 2017-25 standards, the agency has developed and
examined a wide variety of alternatives. The No-Action Alternative assumes
continuation of MY 2016 standards. All other alternatives begin with curves resulting
from the agency’s updated curve fitting analysis (discussed in Chapter V). Curves
defining all regulatory alternatives have the same constrained linear form (linear on a fuel
consumption basis), and define fuel economy targets applicable to each vehicle model,
based on the vehicle’s footprint:

Required CAFE level depends not only on the footprints of specific vehicle models, but
also on the numbers of units produced for sale in the U.S.:
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The curves defining fuel economy targets do not depend on fleet mix, and are therefore
not subject to uncertainty because NHTSA cannot predict with certainty what mix of
vehicle manufacturers will sell through MY 2025. However, future average required fuel
economy levels cannot be predicted with certainty, because average fuel economy levels
depend on fleet mix.

The agency selected a range of candidate curves that increased in stringency by 2% to 7%
annually.>® Thus, the majority of the alternatives considered in this rulemaking are
defined as annual increases in curve stringency—2 percent per year, 3 percent per year, 4
percent per year, and so on. NHTSA believes that this approach clearly communicates
the requirements of each alternative and allows us to identify alternatives that represent
different ways to balance NHTSA’s statutory requirements under EPCA/EISA. NHTSA
has also estimated average required fuel economy levels under each alternative, but notes
that these estimates are based on fleet mix projections that are subject to uncertainty.

Each of the listed alternatives represents, in part, a different way in which NHTSA could
conceivably balance different policies and considerations in setting the standards. The
agency needs to weigh and balance many factors, such as technological feasibility,
economic practicability, including lead time considerations for the introduction of
technologies and impacts on the auto industry, the impacts of the standards on fuel
savings and CO, emissions, and fuel savings by consumers, as well as other relevant
factors such as safety. For example, the 7% Alternative weighs energy conservation and
climate change considerations more heavily and technological feasibility and economic
practicability less heavily. In contrast, the 2% Alternative, the least stringent alternative
(aside from the No-Action Alternative), places more weight on technological feasibility
and economic practicability. The “feasibility” of the alternatives also may reflect
differences and uncertainties in the way in which key economic (e.g., the price of fuel
and the social cost of carbon) and technological inputs could be assessed and estimated or
valued. Some technologies will not be available for more than limited commercial use in
earlier model years, and that even those technologies that could be more widely
commercialized through MY 2025 cannot all be deployed on every vehicle model in MY
2017 but require a realistic schedule for more widespread commercialization to be within
the realm of economically practicability. The preferred alternative, discussed below in
Section B.2, represents the agency’s tentative conclusion as to how these factors should
be balanced to produce the maximum feasible standards for MYs 2017-2025.

In addition to the alternatives defined by curves with stringency that increases evenly at
annual rates ranging from 2% to 7%, NHTSA is also considering alternatives developed
using benefit-cost criteria. The agency emphasized benefit-cost-related alternatives in its

% The fitted curves from NHTSA’s analysis reflect the maximum application of most technologies, in order
to adjust for differences in technologies in the MY 2008 fleet. Before applying these annual stringency
increases, NHTSA adjusted these curves to levels that would produce the same average required fuel
economy levels in MY 2016 as would the actual MY 2016 standards the agency recently promulgated.
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rulemakings for MY 2008-2011 and, subsequently, MY 2011 standards. By including
such alternatives in its analysis, the agency is providing a degree of analytical continuity
between the two approaches to defining alternatives in an effort to illustrate the
similarities and dissimilarities. To that end, we have included and analyzed two
additional alternatives, one that sets standards at the point where net benefits are
maximized (labeled “MNB” in the table below), and another that sets standards at the
point at which total costs are most nearly equal to total benefits (labeled “TCTB” in the
table below).>* With respect to the first of those alternatives, we note that Executive
Order 12866 focuses attention on an approach that maximizes net benefits. Further, since
NHTSA has previously set attribute-based CAFE standards at the point at which net
benefits are maximized, we believe it will be useful and informative to consider the
potential impacts of that approach as compared to the new approach, which the agency
also applied in 2010 for MYs 2012-2016.

All of the above alternatives were developed in terms of the 2-cycle test that has, to date,
provided the basis for determining fuel economy levels used to calculate manufacturers’
CAFE levels. EPA is responsible for determining these test procedures and calculation
methods, and is today proposing to change fuel economy calculation methods to include
adjustments reflecting any increases in the efficiency of automotive air conditioners.
NHTSA and EPA have estimated the average extent to which manufacturers will apply
such improvements, and NHTSA has adjusted all regulatory alternatives accordingly.

Table I11.B.1-1. Estimated Average Adjustments (g/mi CO,) Reflecting Air Conditioner
Efficiency Increases

Model Years Passenger Cars Light Trucks
2017 5.0 5.0
2018 5.0 6.5

2019-2025 5.0 7.2

NHTSA applied these adjustments as follows:

> The stringency indicated by each of these alternatives depends on the value of inputs to NHTSA’s
analysis. Results presented here for these two alternatives are based on NHTSA’s reference case inputs,
which underlie the central analysis of the proposed standards. In the accompanying FRIA, the agency
presents the results of that analysis to explore the sensitivity of results to changes in key economic inputs.
Because of numerous changes in model inputs (e.g., discount rate, rebound effect, CO, value, technology
cost estimates), our analysis often exhausts all available technologies before reaching the point at which
total costs equal total benefits. In these cases, the stringency that exhausts all available technologies is
considered. Also, because the agency’s analysis “carries forward” technologies applied in one model year,
and also simulates “multiyear planning” (manufacturers’ early application of technology to facilitate
compliance in later model years), the agency’s estimates of the net benefit maximizing and “TCTB”
stringencies are subject to interactions between model years.
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Where Targetac is the fuel economy target reflecting AC adjustments, and the 8,887
grams of CO; per gallon reflects the characteristics of indolene, the test fuel used to
certify the fuel economy of gasoline vehicles. In terms of coefficients defining CAFE
standards, NHTSA applied the additive adjustment to the Intercept, MinTarget, and
MaxTarget terms as follows:

For purposes of estimating the incremental effects of new CAFE standards, NHTSA
defined a No-Action Alternative that assumed MY 2016 standards would remain in effect
through MY 2025, and adjusted these standards based on the assumption that, on average,
manufacturers would implement AC efficiency improvements reflecting a 4.8 g/mi
adjustment. The following table presents the range of targets spanned by the resultant
curves, as well as NHTSA’s estimates of the resultant average required fuel economy
levels. As discussed above, while curves are fixed, average required fuel economy levels
depend on fleet composition, and are therefore subject to change. For example, the No-
Action Alternative for light trucks is a curve (unchanging during MY 2017-2025)
specifying a maximum fuel economy target (for the smallest light trucks) of 35.07 mpg, a
minimum fuel economy target (for the largest light trucks) of 25.08 mpg, with targets
decreasing between these limits as footprint increases. Based on the market agency’s
market forecast discussed above, NHTSA estimates that this curve would result in
average required fuel economy levels that increase gradually from 29.31 mpg in MY
2017 to 39.44 mpg in MY 2025, as the light truck market shifts gradually toward smaller
vehicles.

Table 111.B.1-2. No-Action Alternative

Model Year| Passenger Cars Light Trucks Fleet
2017  |31.49 - 42.03 (38.54) |25.08 - 35.07 (29.31) [25.08 - 42.03 (34.54)
2018 |31.49 - 42.03 (38.55) |25.08 - 35.07 (29.31) [25.08 - 42.03 (34.58)
2019  |31.49 - 42.03 (38.56) |25.08 - 35.07 (29.33) [25.08 - 42.03 (34.65)
2020 |31.49 - 42.03 (38.54) |25.08 - 35.07 (29.31) [25.08 - 42.03 (34.69)
2021  |31.49 - 42.03 (38.55) |25.08 - 35.07 (29.31) [25.08 - 42.03 (34.71)
2022  |31.49 - 42.03 (38.56) |25.08 - 35.07 (29.32) [25.08 - 42.03 (34.76)
2023  |31.49 - 42.03 (38.55) |25.08 - 35.07 (29.36) [25.08 - 42.03 (34.83)
2024  |31.49 - 42.03 (38.56) |25.08 - 35.07 (29.40) |25.08 - 42.03 (34.91)
2025 |31.49 - 42.03 (38.58) |25.08 - 35.07 (29.44) [25.08 - 42.03 (34.98)




80

This table also shows that although there is no CAFE standard for the combined
(passenger car and light truck) fleet, the lowest possible requirement would be 25.08 mpg
(if the market shifted entirely to the very largest light trucks), the highest possible
requirement would be 42.08 (if the market shifted entirely to the very smallest passenger
cars), and NHTSA estimates that the overall average fuel economy required of the
industry under the No Action Alternative increases gradually from 34.53 mpg in MY
2017 to 34.98 mpg in MY 2025, as the market gradually shifts toward away from light
trucks and toward passenger cars.

The above table accounts for AC efficiency improvements NHTSA estimates
manufacturers will apply under the No Action Alternative. NHTSA’s actual MY 2012-
2016 standards do not accommodate adjustments for such improvements, and setting
aside those improvements, the results would be as summarized in the following table:

Table 111.B.1-3. No-Action Alternative before Application of AC Adjustments

Model Year| Passenger Cars Light Trucks Fleet
2017  |30.96 - 41.09 (37.75) [24.74 - 34.42 (28.83) [24.74 - 41.09 (33.89)
2018  |30.96 - 41.09 (37.76) |24.74 - 34.42 (28.84) [24.74 - 41.09 (33.94)
2019  |30.96 - 41.09 (37.76) [24.74 - 34.42 (28.86) [24.74 - 41.09 (34.00)
2020  |30.96 - 41.09 (37.74) |24.74 - 34.42 (28.84) [24.74 - 41.09 (34.04)
2021  |30.96 - 41.09 (37.77) [24.74 - 34.42 (28.86) [24.74 - 41.09 (34.08)
2022  |30.96 - 41.09 (37.78) |24.74 - 34.42 (28.86) [24.74 - 41.09 (34.12)
2023  |30.96 - 41.09 (37.77) |24.74 - 34.42 (28.92) [24.74 - 41.09 (34.20)
2024 30.96 - 41.09 (37.77) |24.74 - 34.42 (28.95) (24.74 - 41.09 (34.27)
2025  |30.96 - 41.09 (37.79) |24.74 - 34.42 (28.95) [24.74 - 41.09 (34.32)

The remaining tables in this section present equivalent information for the other
regulatory alternatives. For each regulatory alternative, the first table presents the
alternative as actually examined by the agency, and the second table presents the
underlying alternative absent adjustments for improvements to automotive air conditioner
efficiency for the reader’s easier comparison to the CAFE increases analyzed in the MY
2012-2016 rulemaking. As above, for each fleet and model year, the fuel economy
targets specified by the target curve are presented as a range, and the estimated average
required fuel economy is presented in parentheses (and subject to uncertainty and change
related to uncertainty in the agency’s market forecast).

The “preferred alternative” represents the rates of increase which the agency has
tentatively concluded are maximum feasible under EPCA/EISA for passenger cars and
light trucks manufactured in MY's 2017-2025. Section B.2 below discusses why the
agency has tentatively concluded that the preferred alternative standards are maximum
feasible.
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Table 111.B.1-4. Preferred Alternative

Model Year| Passenger Cars Light Trucks Fleet
2017  |32.65 - 43.61 (39.97) |25.09 - 36.26 (29.41) [25.09 - 43.61 (35.30)
2018 |33.84 - 45.21 (41.44) |25.20 - 37.36 (30.04) [25.20 - 45.21 (36.41)
2019  |35.07 - 46.87 (43.00) |25.25 - 38.16 (30.57) [25.25 - 46.87 (37.53)
2020  |36.47 - 48.74 (44.66) |25.25 - 39.11 (31.21) [25.25 - 48.74 (38.77)
2021  |38.02 - 50.83 (46.61) |25.25 - 41.80 (33.34) [25.25 - 50.83 (40.90)
2022  |39.79 - 53.21 (48.80) |26.29 - 43.79 (34.92) [26.29 - 53.21 (42.88)
2023  |41.64 - 55.71 (51.05) |27.53 - 45.89 (36.65) |27.53 - 55.71 (45.01)
2024  |43.58 - 58.32 (53.46) |28.83 - 48.09 (38.47) |28.83 - 58.32 (47.29)
2025 |45.61 - 61.07 (55.96) |30.19 - 50.39 (40.33) [30.19 - 61.07 (49.60)

Table I11.B.1-5. Preferred Alternative before Application of AC Adjustments

Model Year| Passenger Cars Light Trucks Fleet
2017  |32.06 - 42.57 (39.10) |24.74 - 35.53 (28.95) [24.74 - 42.57 (34.63)
2018  |33.21 - 44.09 (40.51) |24.74 - 36.37 (29.41) [24.74 - 44.09 (35.62)
2019  |34.39 - 45.66 (41.95) |24.74 - 37.01 (29.85) [24.74 - 45.66 (36.63)
2020  |35.73 - 47.44 (43.59) |24.74 - 37.91 (30.44) |24.74 - 47.44 (37.83)
2021  |37.22 - 49.42 (45.39) |24.74 - 40.43 (32.47) [24.74 - 49.42 (39.83)
2022  |38.92 - 51.66 (47.48) |25.74 - 42.29 (33.95) [25.74 - 51.66 (41.71)
2023  |40.69 - 54.01 (49.63) |26.93 - 44.24 (35.57) [26.93 - 54.01 (43.73)
2024  |42.54 - 56.47 (51.90) |28.17 - 46.28 (37.30) [28.17 - 56.47 (45.88)
2025  |44.47 - 59.04 (54.26) |29.47 - 48.42 (39.03) [29.47 - 59.04 (48.05)

NHTSA also considered alternatives under which the mathematical functions (i.e.,
curves) defining fuel economy targets were advanced in stringency at constant annual
rates ranging from 2% to 7%, which we believed represented a reasonable range of
possible alternative ways the agency could balance the required statutory factors to
determine the maximum feasible levels of improvement in fuel economy that

manufacturers could achieve during MY's 2017-2025. Because NHTSA developed these
curves mathematically (i.e., calculating the gpm-based coefficients defining a given
model year’s curve by multiplying the coefficients applicable to the prior model year by
one minus the rate of increase), yet average required fuel economy levels depend also on
fleet composition, the resultant average required fuel economy levels do not progress at
precisely the same rates of increase as do the underlying mathematical functions — that is,
a reader will not be able to calculate the same fuel economy levels by multiplying the
initial mpg number times 1.03, 1.04, etc., as the agency calculates based on multiplying
the curve coefficients. While NHTSA recognizes that alternatives based on multiplying
mpg levels may be easier for some readers to understand, we considered alternatives in
terms of multiplying curve coefficients instead because it is the actual target curves that
are the standards with which industry has to comply, and not the estimated mpg levels
that result from those target curves in the agency’s analysis.
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Characteristics of these alternatives are summarized in the twelve tables. The agency
analyzed each alternative with and without AC adjustments, and as above, each
alternative is presented below with and without AC adjustments for the reader’s

reference:

Table 111.B.1-1. 2% Annual Increase Alternative

Model Year

Passenger Cars

Light Trucks

Fleet

2017

32.16 - 42.95 (39.38)

25.09 - 37.52 (30.12)

25.09 - 42.95 (35.37)

2018

32.83 - 43.85 (40.21)

25.20 - 38.55 (30.80)

25.20 - 43.85 (36.19)

2019

33.51 - 44.76 (41.05)

25.25 - 39.48 (31.56)

25.25 - 44.76 (37.06)

2020

34.21 - 45.70 (41.90)

25.25 - 40.32 (32.15)

25.25 - 45.70 (37.85)

2021

34.92 - 46.66 (42.79)

25.25 - 41.17 (32.83)

25.25 - 46.66 (38.67)

2022

35.65 - 47.64 (43.70)

25.25 - 42.03 (33.55)

25.25 - 47.64 (39.55)

2023

36.39 - 48.63 (44.59)

25.77 - 42.92 (34.27)

25.77 - 48.63 (40.43)

2024

37.15 - 49.65 (45.54)

26.31 - 43.83 (35.08)

26.31 - 49.65 (41.41)

2025

37.92 - 50.70 (46.49)

26.86 - 44.76 (35.84)

26.86 - 50.70 (42.32)

Table 111.B.1-2. 2% Annual Increase Alternative before Application of AC Adjustments

Model Year

Passenger Cars

Light Trucks

Fleet

2017

31.59 - 41.94 (38.53)

24.74 - 36.74 (29.60)

24.74 - 41.94 (34.68)

2018

32.23 - 42.79 (39.33)

24.74 - 37.49 (30.13)

24.74 - 42.79 (35.39)

2019

32.89 - 43.66 (40.13)

24.74 - 38.26 (30.76)

24.74 - 43.66 (36.18)

2020

33.56 - 44.56 (40.94)

24.74 - 39.04 (31.31)

24.74 - 44.56 (36.94)

2021

34.25 - 45.46 (41.78)

24.74 - 39.84 (31.98)

24.74 - 45.46 (37.72)

2022

34.95 - 46.39 (42.63)

24.74 - 40.65 (32.64)

24.74 - 46.39 (38.54)

2023

35.66 - 47.34 (43.51)

25.25 - 41.48 (33.37)

25.25 - 47.34 (39.42)

2024

36.39 - 48.31 (44.40)

25.76 - 42.33 (34.11)

25.76 - 48.31 (40.32)

2025

37.13 - 49.29 (45.30)

26.29 - 43.19 (34.84)

26.29 - 49.29 (41.21)

Table 111.B.1-8. 3% Annual Increase Alte

rnative

Model Year

Passenger Cars

Light Trucks

Fleet

2017

32.50 - 43.40 (39.81)

25.09 - 37.92 (30.36)

25.09 - 43.40 (35.72)

2018

33.52 - 44.78 (41.06)

25.20 - 39.37 (31.46)

25.20 - 44.78 (36.95)

2019

34.58 - 46.20 (42.37)

25.25 - 40.76 (32.56)

25.25 - 46.20 (38.24)

2020

35.67 - 47.67 (43.68)

25.26 - 42.06 (33.51)

25.26 - 47.67 (39.46)

2021

36.79 - 49.18 (45.09)

26.06 - 43.41 (34.60)

26.06 - 49.18 (40.75)

2022

37.96 - 50.75 (46.54)

26.88 - 44.80 (35.71)

26.88 - 50.75 (42.11)

2023

39.16 - 52.36 (47.98)

27.73 - 46.24 (36.90)

27.73 - 52.36 (43.51)

2024

40.40 - 54.03 (49.51)

28.61 - 47.72 (38.17)

28.61 - 54.03 (45.03)

2025

41.67 - 55.75 (51.12)

29.52 - 49.26 (39.40)

29.52 - 55.75 (46.54)




Table 111.B.1-9. 3% Annual Increase Alternative before Application of AC Adjustments
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Model Year

Passenger Cars

Light Trucks

Fleet

2017

31.91 - 42.37 (38.91)

24.74 - 37.12 (29.87)

24.74 - 42.37 (35.01)

2018

32.90 - 43.68 (40.13)

24.74 - 38.27 (30.73)

24.74 - 43.68 (36.11)

2019

33.92 - 45.03 (41.38)

24.74 - 39.46 (31.69)

24.74 - 45.03 (37.29)

2020

34.97 - 46.42 (42.62)

24.76 - 40.68 (32.63)

24.76 - 46.42 (38.47)

2021

36.05 - 47.86 (43.98)

2552 - 41.93 (33.66)

2552 - 47.86 (39.70)

2022

37.16 - 49.34 (45.37)

26.31 - 43.23 (34.71)

26.31 - 49.34 (41.00)

2023

38.31 - 50.86 (46.73)

27.13 - 44.57 (35.84)

27.13 - 50.86 (42.34)

2024

39.50 - 52.44 (48.19)

27.96 - 45.95 (37.04)

27.96 - 52.44 (43.78)

2025

40.72 - 54.06 (49.69)

28.83 - 47.37 (38.20)

28.83 - 54.06 (45.19)

Table 111.B.1-10. 4% Annual Increase Alternative

Model Year

Passenger Cars

Light Trucks

Fleet

2017

32.84 - 43.87 (40.22)

25.0 - 38.32 (30.64)

25.09 - 43.87 (36.07)

2018

34.24 - 45.74 (41.94)

25.20 - 40.22 (32.10)

25.20 - 45.74 (37.73)

2019

35.69 - 47.70 (43.73)

25.28 - 42.09 (33.57)

25.28 - 47.70 (39.45)

2020

37.21 - 49.74 (45.57)

26.36 - 43.91 (34.98)

26.36 - 49.74 (41.18)

2021

38.79 - 51.87 (47.54)

27.48 - 45.80 (36.49)

27.48 - 51.87 (42.97)

2022

40.45 - 54.10 (49.61)

28.65 - 47.78 (38.07)

28.65 - 54.10 (44.89)

2023

42.17 - 56.43 (51.72)

29.87 - 49.86 (39.79)

29.87 - 56.43 (46.91)

2024

43.97 - 58.85 (53.94)

31.15 - 52.02 (41.58)

31.15 - 58.85 (49.06)

2025

45.85 - 61.39 (56.27)

32.48 - 54.28 (43.41)

32.48 - 61.39 (51.25)

Table 111.B.1-11.

4% Annual Increase Alternative before Application of AC Adjustments

Model Year

Passenger Cars

Light Trucks

Fleet

2017

32.25 - 42.81 (39.32)

24.74 - 37.51 (30.14)

24.74 - 42.81 (35.36)

2018

33.59 - 44.59 (40.97)

24.74 - 39.07 (31.35)

24.74 - 44.59 (36.85)

2019

34.99 - 46.45 (42.69)

24.77 - 40.70 (32.69)

24.77 - 46.45 (38.47)

2020

36.45 - 48.39 (44.45)

25.80 - 42.40 (34.00)

25.80 - 48.39 (40.11)

2021

37.97 - 50.40 (46.33)

26.88 - 44.16 (35.44)

26.88 - 50.40 (41.82)

2022

39.55 - 52.50 (48.25)

28.00 - 46.00 (36.94)

28.00 - 52.50 (43.62)

2023

41.20 - 54.69 (50.25)

29.17 - 47.92 (38.52)

29.17 - 54.69 (45.52)

2024

42.91 - 56.97 (52.35)

30.38 - 49.92 (40.21)

30.38 - 56.97 (47.54)

2025

44.70 - 59.34 (54.54)

31.65 - 52.00 (41.95)

31.65 - 59.34 (49.61)
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Table I11.B.1-12. 5% Annual Increase Alternative

Model Year| Passenger Cars Light Trucks Fleet
2017  |33.19 - 44.34 (40.64) |25.09 - 38.73 (30.93) [25.09 - 44.34 (36.43)
2018  [34.98 - 46.73 (42.84) |25.20 - 41.10 (32.79) |25.20 - 46.73 (38.54)
2019  |36.85-49.26 (45.17) [26.10 - 43.48 (34.68) [26.10 - 49.26 (40.75)
2020  [38.84 -51.93 (47.60) |27.51 - 45.85 (36.47) |27.51 - 51.93 (42.98)
2021  |40.93 - 54.75 (50.20) |28.99 - 48.36 (38.49) |28.99 - 54.75 (45.35)
2022  |43.13-57.72 (52.90) |30.55 - 51.01 (40.61) |30.55 - 57.72 (47.87)
2023  |45.46 - 60.86 (55.75) |32.20 - 53.81 (42.90) |32.20 - 60.86 (50.58)
2024  |47.92 - 64.18 (58.82) |33.94 - 56.78 (45.37) |33.94 - 64.18 (53.50)
2025 [50.51 - 67.69 (62.03) |35.78 - 59.91 (47.86) |35.78 - 67.69 (56.49)

Table 111.B.1-13. 5% Annual Increase Alternative before Application of AC Adjustments

Model Year| Passenger Cars Light Trucks Fleet
2017  |32.59 - 43.26 (39.74) [24.74 - 37.91 (30.41) [24.74 - 43.26 (35.70)
2018  [34.30 - 45.54 (41.84) |24.74 - 39.90 (32.02) |24.74 - 45.54 (37.64)
2019  |36.11 - 47.93 (44.05) |25.56 - 42.00 (33.75) [25.56 - 47.93 (39.70)
2020  [38.01 - 50.46 (46.36) |26.91 - 44.21 (35.45) |26.91 - 50.46 (41.82)
2021  |40.01-53.11 (48.81) |28.32 - 46.54 (37.33) |28.32 - 53.11 (44.05)
2022  |42.11-55.91 (51.40) [29.82 - 48.99 (39.35) (29.82 - 55.91 (46.46)
2023  |44.33 - 58.85 (54.07) |31.38 - 51.57 (41.45) |31.38 - 58.85 (48.98)
2024  |46.66 - 61.95 (56.95) [33.04 - 54.28 (43.74) |33.04 - 61.95 (51.71)
2025  [49.12 - 65.21 (59.92) |34.77 - 57.14 (46.07) |34.77 - 65.21 (54.50)

Table 111.B.1-14. 6% Annual Increase Alternative

Model Year| Passenger Cars Light Trucks Fleet
2017  |33.55-44.82 (41.10) |25.09 - 39.15 (31.27) |25.09 - 44.82 (36.84)
2018  [35.74 - 47.76 (43.79) |25.26 - 42.01 (33.48) |25.26 - 47.76 (39.38)
2019  [38.07 - 50.90 (46.67) |26.96 - 44.93 (35.82) |26.96 - 50.90 (42.10)
2020  |40.55 - 54.24 (49.69) [28.72 - 47.91 (38.13) [28.72 - 54.24 (44.89)
2021  [43.21-57.82 (52.99) |30.60 - 51.10 (40.67) |30.60 - 57.82 (47.90)
2022  |46.03 - 61.64 (56.49) |32.61 - 54.50 (43.40) [32.61 - 61.64 (51.14)
2023  |49.05 - 65.72 (60.20) |34.75 - 58.15 (46.33) |34.75 - 65.72 (54.62)
2024  |52.28 - 70.08 (64.21) |37.03 - 62.04 (49.55) [37.03 - 70.08 (58.42)
2025  [55.72 - 74.74 (68.46) |39.47 - 66.22 (52.84) |39.47 - 74.74 (62.36)




Table 111.B.1-15. 6% Annual Increase Alternative before Application of AC Adjustments
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Model Year| Passenger Cars Light Trucks Fleet
2017  |32.93 - 43.72 (40.16) [24.74 - 38.31 (30.71) [24.74 - 43.72 (36.07)
2018  [35.03 - 46.51 (42.73) |24.80 - 40.75 (32.68) |24.80 - 46.51 (38.43)
2019  |37.27 - 49.48 (45.48) [26.39 - 43.35 (34.84) [26.39 - 49.48 (40.99)
2020  [39.65 - 52.64 (48.34) |28.07 - 46.12 (36.95) |28.07 - 52.64 (43.60)
2021  |42.18 - 56.00 (51.44) |29.86 - 49.07 (39.37) |29.86 - 56.00 (46.44)
2022  |44.87 - 59.57 (54.77) |31.77 - 52.20 (41.91) |31.77 - 59.57 (49.50)
2023  |47.74 - 63.37 (58.24) |33.80 - 55.53 (44.65) |33.80 - 63.37 (52.76)
2024  [50.78 - 67.42 (61.96) |35.95 - 59.07 (47.60) |35.95 - 67.42 (56.27)
2025 [54.03 - 71.72 (65.91) |38.25 - 62.85 (50.68) |38.25 - 71.72 (59.95)

Table 111.B.1-16. 7% Annual Increase Alternative

Model Year| Passenger Cars Light Trucks Fleet
2017  |33.92 - 45.32 (41.55) |25.09 - 39.58 (31.59) [25.09 - 45.32 (37.22)
2018  [36.53 - 48.82 (44.77) |25.82 - 42.94 (34.23) |25.82 - 48.82 (40.26)
2019  |39.34 - 52.60 (48.22) |27.86 - 46.45 (37.05) [27.86 - 52.60 (43.52)
2020  [42.37 - 56.69 (51.93) |30.01 - 50.09 (39.82) |30.01 - 56.69 (46.90)
2021  |45.64 - 61.10 (55.98) |32.33 - 54.03 (43.00) |32.33 - 61.10 (50.62)
2022  |49.17 - 65.87 (60.37) |34.83 - 58.29 (46.35) [34.83 - 65.87 (54.64)
2023  [52.98 - 71.03 (65.06) |37.53 - 62.90 (50.09) |37.53 - 71.03 (59.04)
2024  |57.10 - 76.61 (70.15) |40.45 - 67.89 (54.16) |40.45 - 76.61 (63.84)
2025 [61.54 - 82.64 (75.68) |43.60 - 73.30 (58.44) |43.60 - 82.64 (68.95)

Table 111.B.1-17. 7% Annual Increase Alternative before Application of AC Adjustments

Model Year| Passenger Cars Light Trucks Fleet
2017  [33.29 - 44.19 (40.62) |24.74 - 38.72 (31.02) |24.74 - 44.19 (36.47)
2018  [35.79 - 47.52 (43.65) |25.34 - 41.63 (33.39) |25.34 - 47.52 (39.26)
2019  [38.49-51.09 (46.96) |27.25 - 44.77 (35.96) |27.25 - 51.09 (42.32)
2020 |41.38 - 54.94 (50.46) [29.30 - 48.14 (38.60) {29.30 - 54.94 (45.53)
2021  |44.50 - 59.07 (54.28) |31.50 - 51.76 (41.55) |31.50 - 59.07 (49.01)
2022  |47.85 - 63.52 (58.39) |33.87 - 55.66 (44.70) [33.87 - 63.52 (52.78)
2023  |51.45-68.30 (62.75) |36.42 - 59.85 (48.13) |36.42 - 68.30 (56.85)
2024  |55.32 - 73.44 (67.51) [39.17 - 64.35 (51.86) [39.17 - 73.44 (61.31)
2025 [59.48 - 78.97 (72.59) |42.11 - 69.20 (55.81) |42.11 - 78.97 (66.02)

NHTSA also considered a regulatory alternative under which the stringency in each

model year was set at a level estimated to maximize net benefits. Executive Order 12866
states that in choosing among regulatory alternatives in rulemakings, agencies should
select the approach that maximizes net benefits (including potential economic,
environmental, public health and safety, and other advantages; distributive impacts; and
equity), unless a statute requires another approach. Executive Order 13563, signed by
President Obama on January 18, 2011, reiterates that agencies should focus on
approaches that maximize net benefits, to the extent consistent with applicable law.
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In the context of CAFE rulemakings, NHTSA has long considered regulatory alternatives
that approximate the levels at which net benefits are maximized. Because EPCA/EISA
requires that CAFE standards be set separately for cars and trucks in each model year,
finding the precise level at which net benefits are maximized for each fleet, for each year,
taking into account all of the considerations enumerated by EOs 12866 and 13563, is
challenging to say the least. While NHTSA accounts for many costs and benefits
associated with setting CAFE standards through its modeling analysis, we are careful to
emphasize that the modeling analysis does not, and indeed, cannot capture all possible
impacts — some impacts, such as lifecycle maintenance and repair costs, for example, are
currently too uncertain to quantify and include in the analysis. That uncertainty affects
our ability to determine the absolute single level of stringency for each fleet, for each
model year, which reflects perfect maximization of net benefits.

We have, nevertheless, done our best over multiple rulemakings to approximate in our
modeling analysis a regulatory alternative that maximizes net benefits. In the rulemaking
to establish the MY 2011 standards for cars and trucks, for example, NHTSA used the
CAFE model to test a wide range of potential stringencies for cars and trucks separately,
calculating the net benefits (i.e., social benefits of standards minus total costs of
standards) at each stringency, and then identifying the stringency that yielded the highest
level of net benefits for that fleet, for that single model year and using that as the
regulatory alternative that maximized net benefits.

Because the CAFE model has evolved since that rulemaking, the agency’s ability to use it
to determine the regulatory alternative that maximizes net benefits has also had to

evolve. As the CAFE model exists today, it includes the ability to simulate multiyear
planning effects—that is, the potential that a manufacturer might apply “extra”
technology in earlier model years if doing so would facilitate compliance with standards
in later model years. As discussed below, consideration of these effects reveals
interdependencies the net benefit maximizing stringencies in different model years.

Thus, for this rulemaking, as for the MY's 2012-2016 rulemaking, the maximum net
benefit and “total cost = total benefit” regulatory alternatives were developed using the
CAFE model to perform corresponding optimizations on a year-by-year basis. For
example, when estimating stringencies at which net benefits are maximized, the model
begins by examining MY 2017, seeking the car and truck stringencies that would
maximize net benefits in MY 2017, without any information regarding post-MY 2017
standards. The model then performs a compliance simulation for MY 2017; carries
resultant technology forward into MY 2018; seeks car and truck stringencies that would
maximize net benefits in MY 2018; and continues the sequence through MY 2025.
However, once standards throughout MY's 2017-2025 are “known” at the end of that
sequence, the compliance simulation in earlier model years is revisited and influenced by
standards in later model years. For example, the model might add “extra” technology in
MY 2015 to facilitate compliance with expected MY 2019 standards, and carry that
technology forward to MY 2016 and MY 2017. This extra carried-forward technology
could increase the net benefits attributed to the MY 2017 standards that had previously
been estimated to maximize net benefits, absent information regarding post-MY 2017
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standards. As a result, standards estimated to maximize net benefits on a year-by-year
basis do not necessarily produce maximum net benefits—in any specific model year or
over a series of model years—when standards in all model years are defined.>® Given
economic and technology-related inputs to the agency’s analysis, opportunities to add
fuel-saving technologies are sometimes “exhausted” before total costs reach the level of
total benefits; when this occurs in a given model year, this regulatory alternative is
defined by the stringency leading to this exhaustion of available technology. We believe,
nevertheless, that this is an appropriate approach given that manufacturers seeking to
comply with CAFE standards do not consider each model year in isolation, but rather
within the context of a product plans spanning multiple model years—in other words,
manufacturers engage in multiyear planning. For example, if a manufacturer is
redesigning a vehicle model in MY 2012, and does not plan to redesign the vehicle again
until MY 2019, the manufacturer is likely to consider what standards will be in place
between MY 2012 and MY 2019, and factor that information into decisions about what
technologies to apply to that vehicle. Insofar as manufacturers actually engage in such
planning, the costs and benefits of new standards over time will be affected, and the net
benefit maximizing stringencies will also be affected.

Table 111.B.1-18. Maximum Net Benefit Alternative

Model Year| Passenger Cars Light Trucks Fleet
2017  |35.60 - 47.64 (43.64) |25.67 - 42.60 (33.98) [25.67 - 47.64 (39.50)
2018  |37.27 - 49.86 (45.69) |27.02 - 44.93 (35.84) [27.02 - 49.86 (41.54)
2019 |38.31-51.13(46.91) |28.65 - 47.78 (38.10) [28.65 - 51.13 (43.32)
2020  |39.25-52.51 (48.11) |29.70 - 49.62 (39.41) [29.70 - 52.51 (44.64)
2021  |39.67 - 53.04 (48.61) |30.64 - 51.13 (40.71) [30.64 - 53.04 (45.51)
2022  |39.87 - 53.35 (48.90) [31.27 - 52.22 (41.57) |31.27 - 53.35 (46.08)
2023  140.29 - 53.89 (49.37) |32.11 - 53.63 (42.74) [32.11 - 53.89 (46.89)
2024  |41.13 - 54.95 (50.40) |33.27 - 55.60 (44.42) |33.27 - 55.60 (48.23)
2025 |41.76 - 55.90 (51.22) |34.12 - 57.13 (45.61) [34.12 - 57.13 (49.22)

% As a potential means to address these interactions between model years when standards are defined and
multiyear planning effects are simulated, VVolpe Center staff have experimented with techniques to optimize
a steady rate of increase. Under this approach, when a given level of stringency in MY 2017 is tested, the
post-MY 2017 standards are also defined, because they are set at levels reflecting a constant rate of
increase in stringency. However, EISA’s requirement that the standards be set at the maximum feasible
levels in each specific model year precludes the presumption that the stringency of standards would
increase at a constant rate. On the other hand, testing a wide range of both profiles and levels of increases
over nine model years poses a technical challenge the agency has not determined how best to address for
purposes of maximizing net benefits. In the agency’s judgment, further conceptual work may be required
regarding the maximization of net benefits in each model year when net benefits in any given model year
depend on the stringency of standards in earlier and later model years.
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Table 111.B.1-19. Maximum Net Benefit Alternative before Application of AC

Adjustments
Model Year| Passenger Cars Light Trucks Fleet
2017  |34.90 - 46.40 (42.58) |25.30 - 41.60 (33.35) [25.30 - 46.40 (38.64)
2018  |36.50 - 48.50 (44.58) |26.50 - 43.50 (34.91) [26.50 - 48.50 (40.49)
2019  |37.50 - 49.70 (45.70) | 28.00 - 46.00 (36.94) [28.00 - 49.70 (42.12)
2020  |38.40 - 51.00 (46.86) |29.00 - 47.70 (38.19) [29.00 - 51.00 (43.38)
2021  |38.80 - 51.50 (47.33) |29.90 - 49.10 (39.40) [29.90 - 51.50 (44.21)
2022  39.00 - 51.80 (47.58) |30.50 - 50.10 (40.21) [30.50 - 51.80 (44.74)
2023 |39.40 - 52.30 (48.05) |31.30 - 51.40 (41.33) [31.30 - 52.30 (45.52)
2024 140.20 - 53.30 (49.04) [32.40 - 53.20 (42.89) |32.40 - 53.30 (46.79)
2025  140.80 - 54.20 (49.78) |33.20 - 54.60 (44.02) [33.20 - 54.60 (47.72)

Finally, and as mentioned above, NHTSA considered a regulatory alternative under
which the stringency in each model year was set at a level estimated to produce

incremental costs most closely equal to incremental benefits. The agency also used the

CAFE model to progressively estimate stringencies defining this “Total Cost = Total

Benefit” or “Zero Net Benefit” alternative.® As above, when technologies are exhausted
before total costs reach the level of total benefits, this regulatory alternative is defined by

the stringency leading to this exhaustion of available technology.

Table I11.B.1-20. Total Cost = Total Benefit Alternative

Model Year| Passenger Cars Light Trucks Fleet
2017 |36.54 - 48.80 (44.78) |25.87 - 42.81 (34.16) [25.87 - 48.80 (40.18)
2018 |38.10-50.92 (46.67) |27.13 - 45.25 (36.01) [27.13 - 50.92 (42.13)
2019 |39.25-52.51 (48.12) |28.55 - 47.56 (37.90) [28.55 - 52.51 (43.88)
2020  |40.50 - 54.10 (49.60) |29.80 - 49.83 (39.61) [29.80 - 54.10 (45.55)
2021 |41.34 - 55.27 (50.66) [30.64 - 51.13 (40.71) [30.64 - 55.27 (46.65)
2022  |43.23 - 57.93 (53.09) |31.06 - 52.00 (41.34) [31.06 - 57.93 (48.32)
2023  |44.91 - 60.06 (55.01) |32.75 - 54.72 (43.61) [32.75 - 60.06 (50.50)
2024  146.48 - 62.31 (57.07) |34.12 - 57.13 (45.59) [34.12 - 62.31 (52.63)
2025 |47.96 - 64.24 (58.88) [35.17 - 58.88 (47.07) [35.17 - 64.24 (54.36)

*® The optimization procedures used to develop this regulatory alternative are also subject to the
uncertainties and inter-MY dependencies discussed in the preceding footnote.
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Table 111.B.1-21. Total Cost = Total Benefit Alternative before Application of AC

Adjustments
Model Year| Passenger Cars Light Trucks Fleet
2017  |35.80 - 47.50 (43.67) |25.50 - 41.80 (33.50) [25.50 - 47.50 (39.28)
2018  |37.30 - 49.50 (45.48) [26.60 - 43.80 (35.09) [26.60 - 49.50 (41.05)
2019 |38.40 - 51.00 (46.86) |27.90 - 45.80 (36.78) [27.90 - 51.00 (42.67)
2020  |39.60 - 52.50 (48.25) [29.10 - 47.90 (38.38) [29.10 - 52.50 (44.24)
2021  140.40 - 53.60 (49.28) |29.90 - 49.10 (39.40) [29.90 - 53.60 (45.30)
2022  |42.20 - 56.10 (51.54) [30.30 - 49.90 (40.00) {30.30 - 56.10 (46.85)
2023  143.80 - 58.10 (53.37) |31.90 - 52.40 (42.16) [31.90 - 58.10 (48.93)
2024 145.30 - 60.20 (55.29) |33.20 - 54.60 (43.96) [33.20 - 60.20 (50.89)
2025  146.70 - 62.00 (57.00) |34.20 - 56.20 (45.33) [34.20 - 62.00 (52.52)
2. Why is NHTSA proposing the Preferred Alternative?

NHTSA has tentatively concluded that the standards presented above in Section IV.E are
the maximum feasible standards for passenger cars and light trucks in MY's 2017-2025.
EPCAV/EISA requires NHTSA to consider four statutory factors in determining the
maximum feasible CAFE standards in a rulemaking: specifically, technological
feasibility, economic practicability, the effect of other motor vehicle standards of the
Government on fuel economy, and the need of the nation to conserve energy. The
agency considered a number of regulatory alternatives in its analysis of potential CAFE
standards for those model years, including several that increase stringency on average at
set percentages each year, one that approximates the point at which net benefits are
maximized in each model year, and one that approximates the point at which total costs
equal total benefits in each model year. Some of those alternatives represent standards
that would be more stringent than the proposed standards,>” and some are less stringent.*®
As the discussion below explains, we tentatively conclude that the correct balancing of
the relevant factors that the agency must consider in determining the maximum feasible
standards recognizes economic practicability concerns as discussed below, and sets
standards accordingly. We expect that the proposed standards will enable further
research and development into the more advanced fuel economy-improving technologies,
and enable significant fuel savings and environmental benefits throughout the program,
with particularly substantial benefits in the later years of the program and beyond.
Additionally, consistent with Executive Order 13563, the agency believes that the
benefits of the preferred alternative amply justify the costs; indeed, the monetized
benefits exceed the monetized costs by $358 billion over the lifetime of the vehicles

> We recognize that higher standards would help the need of the nation to conserve more energy and might
potentially be technologically feasible (in the narrowest sense) during those model years, but based on our
analysis and the evidence presented by the industry, we tentatively conclude that higher standards would
not represent the proper balancing for MYs 2017-2025 cars and trucks.

%8 We also recognize that lower standards might be less burdensome on the industry, but considering the
environmental impacts of the different regulatory alternatives as required under NEPA and the need of the
nation to conserve energy, we do not believe they would have represented the appropriate balancing of the
relevant factors, because they would have left technology, fuel savings, and emissions reductions on the
table unnecessarily, and not contributed as much as possible to reducing our nation’s energy security and
climate change concerns.
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covered by the proposed standards. In full consideration of all of the information
currently before the agency, we have weighed the statutory factors carefully and selected
proposed passenger car and light truck standards that we believe are the maximum
feasible for MY's 2017-2025.

a. What are NHTSA’s statutory obligations?

As discussed above in Section IV.D, NHTSA sets CAFE standards under EPCA, as
amended by EISA, and is also subject to the APA and NEPA in developing and
promulgating CAFE standards.

NEPA requires the agency to develop and consider the findings of an Environmental
Impact Statement (EIS) for “major Federal actions significantly affecting the quality of
the human environment.” NHTSA has determined that this action is such an action and
therefore that an EIS is necessary, and has accordingly prepared a Draft EIS to inform its
development and consideration of the proposed standards. The agency has evaluated the
environmental impacts of a range of regulatory alternatives in our proposal, and
integrated the results of that consideration into our balancing of the EPCA/EISA factors,
as discussed below.

The APA and relevant case law requires our rulemaking decision to be rational, based on
consideration of the relevant factors, and within the scope of the authority delegated to
the agency by EPCA/EISA. The relevant factors are those required by EPCA/EISA and
the additional factors approved in case law as ones historically considered by the agency
in determining the maximum feasible CAFE standards, such as safety. The statute
requires us to set standards at the maximum feasible level for passenger cars and light
trucks for each model year, and the agency tentatively concludes that the standards, if
adopted as proposed, would satisfy this requirement. NHTSA has carefully examined the
relevant data and other considerations, as discussed below in our explanation of our
tentative conclusion that the proposed standards are the maximum feasible levels for
those model years based on our evaluation of the information before us for this NPRM.

As discussed in Section IV.D, EPCA/EISA requires that NHTSA establish separate
passenger car and light truck standards at “the maximum feasible average fuel economy
level that it decides the manufacturers can achieve in that model year,” based on the
agency’s consideration of four statutory factors: technological feasibility, economic
practicability, the effect of other standards of the Government on fuel economy, and the
need of the nation to conserve energy.®® NHTSA has developed definitions for these

% As explained in Section 1V.D, EPCA also provides that in determining the level at which it should set
CAFE standards for a particular model year, NHTSA may not consider the ability of manufacturers to take
advantage of several statutory provisions that facilitate compliance with the CAFE standards and thereby
reduce the costs of compliance. Specifically, in determining the maximum feasible level of fuel economy
for passenger cars and light trucks, NHTSA cannot consider the fuel economy benefits of “dedicated”
alternative fuel vehicles (like battery electric vehicles or natural gas vehicles), must consider dual-fueled
automobiles to be operated only on gasoline or diesel fuel (at least through MY 2019), and may not
consider the ability of manufacturers to use, trade, or transfer credits. This provision limits, to some extent,
the fuel economy levels that NHTSA can find to be “maximum feasible” — if NHTSA cannot consider the
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terms over the course of multiple CAFE rulemakings®® and determines the appropriate
weight and balancing of the terms given the circumstances in each CAFE rulemaking.
For MYs 2011-2020, EPCA further requires that separate standards for passenger cars
and for light trucks be set at levels high enough to ensure that the CAFE of the industry-
wide combined fleet of new passenger cars and light trucks reaches at least 35 mpg not
later than MY 2020. For model years after 2020, standards need simply be set at the
maximum feasible level.

The agency thus balances the relevant factors to determine the maximum feasible level of
the CAFE standards for each fleet, in each model year. The next section discusses how
the agency balanced the factors for this proposal, and why we believe the proposed
standards are the maximum feasible.

b. How did the agency balance the factors for this NPRM?

There are numerous ways that the relevant factors can be balanced (and thus weight given
to each factor) depending on the agency’s policy priorities and on the information before
the agency regarding any given model year, and the agency therefore considered a range
of alternatives that represent different regulatory options that we thought were potentially
reasonable for purposes of this rulemaking. For this proposal, the regulatory alternatives
considered in the agency’s analysis include several alternatives for fuel economy levels
that increase annually, on average, at set rates — specifically, 2 %/year, 3 %/year, 4
%lyear, 5 %/year, 6 %/year, and 7 %/year.”" Analysis of these various rates of increase
effectively encompasses the entire range of fuel economy improvements that, based on
information currently available to the agency, could conceivably fall within the statutory
boundary of “maximum feasible” standards. The regulatory alternatives also include two
alternatives based on benefit-cost criteria, one in which standards would be set at the
point where net benefits would be maximized for each fleet in each year (MNB), and
another in which standards would be set at the point at which total costs would be most
nearly equal to total benefits for each fleet in each year (TC=TB), as well as the
preferred alternative, which is within the range of the other alternatives. Because the

fuel economy of electric vehicles, for example, NHTSA cannot set standards predicated on manufacturers’
usage of electric vehicles to meet the standards.

% These factors are defined in Section IV.D:; for brevity, we do not repeat those definitions here.

® This is an approach similar to that used by the agency in the MY 2012-2016 rulemaking, in which we
also considered several alternatives that increased annually, on average, at 3%, 4 %, 5 %, 6 % and 7
%/year. The “percent-per-year” alternatives in this proposal are somewhat different from those considered
in the MY 2012-2016 rulemaking, however, in terms of how the annual rate of increase is applied. For this
proposal, the stringency curves are themselves advanced directly by the annual increase amount, without
reference to any yearly changes in the fleet mix. Inthe 2012-2016 rule, the annual increases for the
stringency alternatives reflected the estimated required fuel economy of the fleet which accounted for both
the changes in the target curves and changes in the fleet mix.

82 We included the MNB and TC=TB alternatives in part for the reference of commenters familiar with
NHTSA’s past several CAFE rulemakings — these alternatives represent balancings carefully considered by
the agency in past rulemaking actions as potentially maximum feasible — and because Executive Orders
12866 and 13563 focus attention on an approach that maximizes net benefits. The assessment of maximum
net benefits is challenging in the context of setting CAFE standards, in part because standards which
maximize net benefits for each fleet, for each model year, would not necessarily be the standards that lead
to the greatest net benefits over the entire rulemaking period
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agency could conceivably select any of the regulatory alternatives above, all of which fall
between 2 %/year and 7 %/year, inclusive, the Draft EIS that accompanies this proposal
analyzes these lower and upper bounds as well as the preferred alternative. Additionally,
the Draft EIS analyzes a “No Action Alternative,” which assumes that, for MYs 2017 and
beyond, NHTSA would set standards at the same level as MY 2016. The No Action
Alternative provides a baseline for comparing the environmental impacts of the other
alternatives.

NHTSA believes that this approach clearly communicates the level of stringency of each
alternative and allows us to identify alternatives that represent different ways to balance
NHTSA'’s statutory factors under EPCA/EISA. Each of the listed alternatives represents,
in part, a different way in which NHTSA could conceivably balance different policies
and considerations in setting the standards that achieve the maximum feasible levels. For
example, the 2% Alternative, the least stringent alternative, would represent a balancing
in which economic practicability — which include concerns about availability of
technology, capital, and consumer preferences for vehicles built to meet the future
standards — weighs more heavily in the agency’s consideration, and the need of the nation
to conserve energy would weigh less heavily. In contrast, under the 7% Alternative, one
of the most stringent, the need of the nation to conserve energy — which includes energy
conservation and climate change considerations — would weigh more heavily in the
agency’s consideration, and other factors would weigh less heavily. Balancing and
assessing the feasibility of different alternative can also be influenced by differences and
uncertainties in the way in which key economic factors (e.g., the price of fuel and the
social cost of carbon) and technological inputs could be assessed and estimated or valued.
While NHTSA believes that our analysis conducted in support of this NPRM uses the
best and most transparent technology-related inputs and economic assumption inputs that
the agencies could derive for MYs 2017-2025, we recognize that there is uncertainty in
these inputs, and the balancing could be different if, for example, the inputs are adjusted
in response to new information.

This is the first CAFE rulemaking in which the agency has looked this far into the future,
which makes our traditional approach to balancing more challenging than in past (even
recent past) rulemakings. NHTSA does not presently believe, for example, that
technological feasibility as the agency defines it is as constraining in this rulemaking as it
has been in the past in light of the time frame of this rulemaking. “Technological
feasibility” refers to whether a particular method of improving fuel economy can be
available for commercial application in the model year for which a standard is being
established. In previous nearer-term CAFE rulemakings, it has been more difficult for
the agency to say that the most advanced technologies would be available for commercial
application in the model years for which standards were being established. For this
rulemaking, which is longer term, NHTSA has considered all types of technologies that
improve real-world fuel economy, including air-conditioner efficiency and other off-
cycle technology, PHEVSs, EVs, and highly-advanced internal combustion engines not yet
in production, but all of which the agencies’ expect to be commercially applicable by the
rulemaking time frame. On the one hand, we recognize that some technologies that
currently have limited commercial use cannot be deployed on every vehicle model in MY
2017, or even necessarily in MY 2025, but require a realistic schedule for widespread
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commercialization to be feasible. On the other hand, however, the agency expects, based
on our analysis, that all of the alternatives could narrowly be considered as
technologically feasible, in that they could be achieved based on the existence or
projected future existence of technologies that could be incorporated on future vehicles,
and enable any of the alternatives to be achieved on a technical basis alone if the level of
resources that might be required practically to implement the technologies is not
considered. If all alternatives are at least theoretically technologically feasible in the MY
2017-2025 timeframe, and the need of the nation is best served by pushing standards as
stringent as possible, then the agency might be inclined to select the alternative that
results in the very most stringent standards considered.

However, the agency must also consider what is required to practically implement
technologies, which is part of economic practicability, and to which the most stringent
alternatives give little weight. “Economic practicability” refers to whether a standard is
one “within the financial capability of the industry, but not so stringent as to lead to
adverse economic consequences, such as a significant loss of jobs or the unreasonable
elimination of consumer choice.” Consumer acceptability is also an element of economic
practicability, one that is particularly difficult to gauge during times of uncertain fuel
prices.®® In a rulemaking such as the present one, determining economic practicability
requires consideration of the uncertainty surrounding relatively distant future market
conditions and consumer demand for fuel economy in addition to other vehicle attributes.
In an attempt to evaluate the economic practicability of attribute-based standards,
NHTSA includes a variety of factors in its analysis, including the annual rate at which
manufacturers can increase the percentage of their fleet that employ a particular type of
fuel-saving technology, the specific fleet mixes of different manufacturers, and
assumptions about the cost of the standards to consumers and consumers’ valuation of
fuel economy, among other things. Ensuring that a reasonable amount of lead time exists
to make capital investments and to devote the resources and time to design and prepare
for commercial production of a more fuel efficient fleet is also relevant to the agency’s
consideration of economic practicability. Yet there are some aspects of economic
practicability that the agency’s analysis is not able to capture at this time — for example,
the computer model that we use to analyze alternative standards does not account for all
aspects of uncertainty, in part because the agency cannot know what we cannot know.
The agency must thus account for uncertainty in the context of economic practicability as
best as we can based on the entire record before us.

Both technological feasibility and economic practicability enter into the agency’s
determination of the maximum feasible levels of stringency, and economic practicability
concerns may cause the agency to decide that standards that might be technologically
feasible are, in fact, beyond maximum feasible. Standards that require aggressive
application of and widespread deployment of advanced technologies could raise serious
issues with the adequacy of time to coordinate such significant changes with
manufacturers’ redesign cycles, as well as with the availability of engineering resources

% See, e.g., Center for Auto Safety v. NHTSA (CAS), 793 F.2d 1322 (D.C. Cir. 1986) (Administrator’s
consideration of market demand as component of economic practicability found to be reasonable); Public
Citizen v. NHTSA, 848 F.2d 256 (Congress established broad guidelines in the fuel economy statute;
agency’s decision to set lower standard was a reasonable accommodation of conflicting policies).
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to develop and integrate the technologies into products, and the pace at which capital
costs can be incurred to acquire and integrate the manufacturing and production
equipment necessary to increase the production volume of the technologies. Moreover,
the agency must consider whether consumers would be likely to accept a specific
technological change under consideration, and how the cost to the consumer of making
that change might affect their acceptance of it. The agency maintains, as it has in prior
CAFE rulemakings, that there is an important distinction between considerations of
technological feasibility and economic practicability. As explained above, a given level
of performance may be technologically feasible (i.e., setting aside economic constraints)
for a given vehicle model. However, it would not be economically practicable to require
a level of fleet average performance that assumes every vehicle will in the first year of
the standards perform at the highest technologically feasible level, because manufacturers
do not have unlimited access to the financial resources or may not practically be able to
hire enough engineers, build enough facilities, and install enough tooling.

NHTSA therefore believes, based on the information currently before us, that economic
practicability concerns render certain standards that might otherwise be technologically
feasible to be beyond maximum feasible within the meaning of the statute for the 2017-
2025 standards. Our analysis indicated that technologies seem to exist to meet the
stringency levels required by future standards under nearly all of the regulatory
alternatives; but it also indicated that manufacturers would not be able to apply those
technologies quickly enough, given their redesign cycles, and the level of the resources
that would be required to implement those technologies widely across their products, to
meet all applicable standards in every model year under some of the alternatives.

Another consideration for economic practicability is incremental per-vehicle increases in
technology cost. In looking at the incremental technology cost results from our modeling
analysis, the agency saw that in progressing from alternatives with lower stringencies to
alternatives with higher stringencies, technology cost increases (perhaps predictably) at a
progressively higher rate, until the model projects that manufacturers are unable to
comply with the increasing standards and enter (or deepen) non-compliance. Table
[11.B.2-1 and Table I11.B.2 -2 show estimated cumulative lifetime fuel savings and
estimated average vehicle cost increase for passenger cars and light trucks. The results
show that there is a significant increase in technology cost between the 4% alternatives
and the 5% alternatives.

TABLE I11.B.2-1. ESTIMATED PASSENGER CAR CUMULATIVE LIFETIME FUEL SAVINGS AND
AVERAGE VEHICLE COST INCREASE

Cumulative Cumulative
Lifetime Average Lifetime Average
Fuel Vehicle Fuel Vehicle
Savings Cost Savings Cost
2017-2021 Increase in 2017-2025 Increase in
(billion 2021 (billion 2025
gallons) (2009 $) gallons) (2009 $)
2% 22 $451 58 $684
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3% 32 $775 85 $1,367
MNB 54 $1,060 108 $1,313
Preferred

Alternative 39 $1,108 104 $2,023
4% 42 $1,252 110 $2,213
TC=TB 62 $1,607 135 $2,515
5% 51 $1,844 130 $3,040
6% 57 $1,789 140 $3,229
7% 61 $1,930 144 $3,304

TABLE I11.B.2-2. ESTIMATED LIGHT TRUCK CUMULATIVE LIFETIME FUEL SAVINGS AND

AVERAGE VEHICLE COST INCREASE

Cumulative Cumulative
Lifetime Average Lifetime Average
Fuel Vehicle Fuel Vehicle
Savings Cost Savings Cost
2017-2021 Increase in | 2017-2025 Increase in
(billion 2021 (billion 2025
gallons) (2009 $) gallons) (2009 $)
2% 22 $498 53 $706
3% 33 $909 77 $1,308
Preferred
Alternative 22 $965 69 $1,578
4% 41 $1,619 98 $2,423
MNB 62 $2,262 126 $3,427
TC=TB 62 $2,232 126 $3,416
5% 50 $2,154 116 $3,444
6% 56 $2,298 123 $3,611
7% 59 $2,482 127 $3,692

Thus, if technological feasibility and the need of the nation are not particularly limiting in
a given rulemaking, then maximum feasible standards would be represented by the mpg
levels that we could require of the industry to improve fuel economy before we reach a
tipping point that presents risk of significantly adverse economic consequences.
Standards that are lower than that point would likely not be maximum feasible, because
such standards would leave fuel-saving technologies on the table unnecessarily; standards
that are higher than that point would likely be beyond what the agency would consider
economically practicable, and therefore beyond what we would consider maximum
feasible, even if they might be technologically feasible or better meet the need of the
nation to conserve energy. The agency does not believe that standards are balanced if
they weight one or two factors so heavily as to ignore another.
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We explained above that part of the way that we try to evaluate economic practicability is
through a variety of model inputs, such as phase-in caps (the annual rate at which
manufacturers can increase the percentage of their fleet that employ a particular type of
fuel-saving technology) and redesign schedules to account for needed lead time. These
inputs limit how much technology can be applied to a manufacturer’s fleet in the
agency’s analysis attempting to simulate a way for the manufacturer to comply with
standards set under different regulatory alternatives. If the limits (and technology cost-
effectiveness) prevent enough manufacturers from meeting the required levels of
stringency, the agency may decide that the standards under consideration may not be
economically practicable. The difference between the required fuel economy level that
applies to a manufacturer’s fleet and the level of fuel economy that the agency projects
the manufacturer would achieve in that year, based on our analysis, is called a
“compliance shortfall.”®*

We underscore again that the modeling analysis does not dictate the “answer,” it is
merely one source of information among others that aids the agency’s balancing of the
standards. These considerations, shortfalls and increases in incremental technology costs,
do not entirely define economic practicability, but we believe they are symptomatic of it.
In looking at the projected compliance shortfall results from our modeling analysis, the
agency preliminarily concluded, based on the information before us at the time, that for
both passenger car and for light trucks, the MNB and TC=TB alternatives, and the 5%,
6% and 7% alternatives did not appear to be economically practicable, and were thus
likely beyond maximum feasible levels for MYs 2017-2025. In other words, despite the
theoretical technological feasibility of achieving these levels, various manufacturers
would likely lack the financial and engineering resources and sufficient lead time to do
SO.

The analysis showed that for the passenger car 5% alternative, there were significant
compliance shortfalls for Chrysler in MY 2025, Ford in MYs 2021 and 2023-2025, GM
in MYs 2022 and 2024-2025, Mazda in MYs 2021 and 2024-2025, and Nissan in MY
2025. For light trucks, the analysis showed the 5% alternative had significant compliance
shortfalls for Chrysler in MYs 2022-2025, Ford in MY 2025, GM in MY's 2023-2025,
Kia in MY 2025, Mazda in MY's 2022 and 2025, and Nissan in MY's 2023-2025.
However, the 4%, 3% and 2% alternatives did not appear, based on shortfalls, to be
beyond the level of economic practicability, and thus appeared potentially to be within
the range of alternatives that might yet be maximum feasible.

TABLE I11.B.2-3. ESTIMATED PASSENGER CAR COMPLIANCE SHORTFALL FOR THE
5%/ YEAR ALTERNATIVE (MPG)

Estimated Compliance Shortfall for Passenger Car (mpg
2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

% The agency’s modeling estimates how the application of technologies could increase vehicle costs,
reduce fuel consumption, and reduce CO, emissions, and affect other factors. As CAFE standards are
performance-based, NHTSA does not mandate that specific technologies be used for compliance. CAFE
modeling, therefore projects one way that manufacturers could comply. Manufacturers may choose a
different mix of technologies based on their unique circumstances and products.
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Chrysler - - - - - 1.7 - - 2.3
Ford - - - 0.2 - - 15 | 29 | 52
General Motors - - - - - 23 | 08 | 21 | 25
Honda - - - - - - - - -
Hyundai - - - - - - - - -
Kia - - - - - - - - -
Mazda - - - - 1.9 - - 16 | 1.9
Nissan - - - - - - - - 1.3
Toyota - - - - - - - - -
TABLE I11.B.2-4. ESTIMATED LIGHT TRUCK COMPLIANCE SHORTFALL FOR THE 5%/YEAR
ALTERNATIVE (MPG)
Estimated Compliance Shortfall for Light Truck (mpg)
2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Chrysler - - - - - 18 | 09 | 32 | 0.9
Ford - - - - - - - 0.1 | 1.8
General Motors - - - - - 0.1 18 | 3.2 2.9
Honda - - - - - - - - 0.6
Hyundai - - - - - - 0.6 - -
Kia - - - - - - - - 2.1
Mazda - - - - - 1.0 - - 2.1
Nissan - - - - - - 1.1 2.1 4.6
Toyota - - - - - - - - -

The preliminary analysis referred to above, in which the agency tentatively concluded
that the 5%, 6%, 7%, MNB, and TC=TB alternatives were likely beyond the level of
economic practicability based on the information available to the agency at the time, was
conducted following the first SNOI and prior to the second SNOI — thus, between the end
of 2010 and July 2011. The agencies stated in the first SNOI that we had not conducted
sufficient analysis at the time to narrow the range of potential stringencies that had been
discussed in the initial NOI and in the Interim Joint TAR, and that we would be
conducting more analyses and continuing extensive dialogue with stakeholders in the
coming months to refine our proposal. Based on our initial consideration of how the
factors might be balanced to determine the maximum feasible standards to propose for
MY 2017-2025 (i.e., where technological feasibility did not appear to be particularly
limiting and the need of the nation would counsel for choosing more stringent
alternatives, but economic practicability posed significant limitations), NHTSA’s
preliminary analysis indicated that the alternatives including up to 4% per year for cars
and 4% per year for trucks should reasonably remain under consideration.



98

With that preliminary estimate of 4%/year for cars and trucks as the upper end of the
range of alternatives that should reasonably remain under consideration for MY's 2017-
2025, the agencies began meeting again intensely with stakeholders, including many
individual manufacturers, between June 21, 2011 and July 27, 2011 to determine whether
additional information would aid NHTSA in further consideration. Beginning in the June
21, 2011 meeting, NHTSA and EPA presented the 4% alternative target curves as a
potential concept along with preliminary program flexibilities and provisions, in order to
get feedback from the manufacturer stakeholders. Manufacturer stakeholders provided
comments, much of which was confidential business information, which included
projections of how they might comply with concept standards, the challenges that they
expected, and their recommendations on program stringency and provisions.®

Regarding passenger cars, several manufacturers shared projections that they would be
capable of meeting stringency levels similar to NHTSA’s preliminary CAFE modeling
projections for the 4% alternative in MY 2020 or in 2021, with some of those arguing
that they faced challenges in the earlier years of that period with meeting a constant 4%
rate throughout the entire period. Some manufacturers shared projections that they could
comply with stringencies that ramped up, increasing more slowly in MY 2017 and then
progressively increasing through MY 2021. Most manufacturers provided limited
projections beyond MY 2021, although some stated that they could meet the agency’s
concept stringency targets in MY 2025. Manufacturers generally suggested that the most
significant challenges to meeting a constant 4% (or faster) year-over-year increase in the
passenger car standards related to their ability to implement the new technologies quickly
enough to achieve the required levels, given their need to implement fuel economy
improvements in both the passenger car and light truck fleets concurrently; challenges
related to the cadence of redesign and refresh schedules; the pace at which new
technology can be implemented considering economic factors such as availability of
engineering resources to develop and integrate the technologies into products; and the
pace at which capital costs can be incurred to acquire and integrate the manufacturing and
production equipment necessary to increase the production volume of the technologies.
Manufacturers often expressed concern that the 4% levels could require greater numbers
of advanced technology vehicles than they thought they would be able to sell in that time
frame, given their belief that the cost of some technologies was much higher than the
agencies had estimated and their observations of current consumer acceptance of and
willingness to pay for advanced technology vehicles that are available now in the
marketplace. A number of manufacturers argued that they did not believe that they could
create a sustainable business case under passenger car standards that increased at the rate
required by the 4% alternative.

Regarding light trucks, most manufacturers expressed significantly greater concerns over
the 4% alternative for light trucks than for passenger cars. Many manufacturers argued
that increases in light truck standard stringency should be slower than increases in
passenger car standard stringency, based on, among other things, the greater payload,
cargo capacity and towing utility requirements of light trucks, and what they perceived to
be lower consumer acceptance of certain (albeit not all) advanced technologies on light

8 Feedback from these stakeholder meetings is summarized in section IV.B and documents that are referenced in that
section.
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trucks. Many manufacturers also commented that redesign cycles are longer on trucks
than they are on passenger cars, which reduces the frequency at which significant
changes can be made cost-effectively to comply with increasing standards, and that the
significant increases in stringency in the MY 2012-2016 program® in combination with
redesign schedules would not make it possible to comply with the 4% alternative in the
earliest years of the MY 2017-2025 program, such that only significantly lower
stringencies in those years would be feasible in their estimation. As for cars, most
manufacturers provided limited projections beyond MY 2021. Manufacturers generally
stated that the most significant challenges to meeting a constant 4% (or faster) year-over-
year increase in the light truck standards were similar to what they had described for
passenger cars as enumerated in the paragraph above, but were compounded by concerns
that applying technologies to meet the 4% alternative standards would result in trucks
that were more expensive and provided less utility to consumers. As was the case for
cars, manufacturers argued that their technology cost estimates were higher than the
agencies’ and consumers are less willing to accept/pay for some advanced technologies in
trucks, but manufacturers argued that these concerns were more significant for trucks
than for cars, and that they were not optimistic that they could recoup the costs through
higher prices for vehicles with the technologies that would be needed to comply with the
4% alternative. Given their concerns about having to reduce utility and raise truck prices,
and about their ability to apply technologies quickly enough given the longer redesign
periods for trucks, a number of manufacturers argued that they did not believe that they
could create a sustainable business case under light truck standards that increased at the
rate required by the 4% alternative.

Other stakeholders, such as environmental and consumer groups, consistently stated that
stringent standards are technically achievable and critical to important national interests,
such as improving energy independence, reducing climate change, and enabling the
domestic automobile industry to remain competitive in the global market. Labor interests
stressed the need to carefully consider economic impacts and the opportunity to create
and support new jobs, and consumer advocates emphasized the economic and practical
benefits to consumers of improved fuel economy and the need to preserve consumer
choice. In addition, a number of stakeholders stated that the standards under
development should not have an adverse impact on safety.

NHTSA, in collaboration with EPA and in coordination with CARB, carefully considered
the inputs received from all stakeholders, conducted additional independent analyses, and
deliberated over the feedback received on the agencies’ analyses. NHTSA considered
individual manufacturers’ redesign cycles and, where available, the level of technologies
planned for their future products that improve fuel economy, as well as some estimation
of the resources that would likely be needed to support those plans and the potential
future standards. The agency also considered whether we agreed that there could
conceivably be compromises to vehicle utility depending on the technologies chosen to
meet the potential new standards, and whether a change in the cadence of the rate at
which standards increase could provide additional opportunity for industry to develop

% Some manufacturers indicated that their light truck fleet fuel economy would be below what they
anticipated their required fuel economy level would be in MY 2016, and that they currently expect that they
will need to employ available flexibilities to comply with that standard.
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and implement technologies that would not adversely affect utility. NHTSA considered
feedback on consumer acceptance of some advanced technologies and consumers’
willingness to pay for improved fuel economy. In addition, the agency carefully
considered whether manufacturer assertions about potential uncertainties in the agency’s
technical, economic, and consumer acceptance assumptions and estimates were
potentially valid, and if so, what the potential effects of these uncertainties might be on
economic practicability.

Regarding passenger cars, after considering this feedback from stakeholders, the agency
considered further how it thought the factors should be balanced to determine the
maximum feasible passenger car standards for MYs 2017-2025. Based on that
reconsideration of the information before the agency and how it informs our balancing of
the factors, NHTSA tentatively concludes that the points raised may indicate that the
agency’s preliminary analysis supporting consideration of standards that increased up to
4%]/year may not have captured fully the level of uncertainty that surrounds economic
practicability in these future model years. Nevertheless, while we believe there may be
some uncertainty, we do not agree that it is nearly as significant as a number of
manufacturers maintained, especially for passenger cars. The most persuasive
information received from stakeholders for passenger cars concerned practicability issues
in the first phase of the MY 2017-2025 standards. We therefore tentatively conclude that
the maximum feasible stringency levels for passenger cars are only slightly different from
the 4%/year levels suggested as the high end preliminarily considered by the agency;
increasing on average 3.7%/year in MYs 2017-2021, and on average 4.5%/year in MYs
2022-2025. For the overall MY 2017-2025 period, the maximum feasible stringency
curves increase on average at 4.1%/year, and our analysis indicates that the costs and
benefits attributable to the 4% alternative and the preferred alternative for passenger cars
are very similar: the preferred alternative is 8.8 percent less expensive for manufacturers
than the 4% alternative (estimated total costs are $113 billion for the preferred alternative
and $124 billion for the 4% alternative), and achieves only $20 billion less in total
benefits than the 4% alternative (estimated total benefits are $310 billion for the preferred
alternative and $330 billion for the 4% alternative), a very small difference given that
benefits are spread across the entire lifetimes of all vehicles subject to the standards. The
analysis also shows that the lifetime cumulative fuel savings is only 5 percent higher for
the 4% alternative than the preferred alternative (the estimated fuel savings is 104 billion
gallons for the preferred alternative, and 110 billion gallons for the 4% alternative).

At the same time, the increase in average vehicle cost in MY 2025 is 9.4 percent higher
for the 4% alternative (the estimated cost increase for the average vehicle is $2,023 for
the preferred alternative, and $2,213 for the 4% alternative). The rates of increase in
stringency for each model year are summarized in Table IVV.F.3 and Table IV.F.4.
NHTSA emphasizes that under 49 U.S.C. 32902(b), the standards must be maximum
feasible in each model year without reference to other model years, but we believe that
the small amount of progressiveness in the proposed standards for MYs 2017-2021,
which has very little effect on total benefits attributable to the proposed passenger car
standards, will help to enable the continuation of, or increases in, research and
development into the more advanced technologies that will enable greater stringency
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increases in MYs 2022-2025, and help to capture the considerable fuel savings and
environmental benefits similar to the 4% alternative beginning in MY 2025.

We are concerned that requiring manufacturers to invest that capital to meet higher
standards in MY's 2017-2021, rather than allowing them to increase fuel economy in
those years slightly more slowly, would reduce the levels that would be feasible in the
second phase of the program by diverting research and development resources to those
earlier model years. Thus, after considerable deliberation with EPA and consultation
with CARB, NHTSA selected the preferred alternative as the maximum feasible
alternative for MY's 2017-2025 passenger cars based on consideration of inputs from
manufacturers and the agency’s independent analysis, which reaches the stringency levels
of the 4% alternative in MY 2025, but has a slightly slower ramp up rate in the earlier
years.

TABLE I11.B.2-5. ANNUAL RATE OF INCREASE IN THE STRINGENCY OF THE PREFERRED
ALTERNATIVE FOR EACH MODEL YEAR

Model Year Passenger Car Light Truck
2017 3.6% 0.6%
2018 3.6% 2.1%
2019 3.6% 1.7%
2020 3.7% 2.0%
2021 4.2% 6.4%
2022 4.5% 4.5%
2023 4.4% 4.7%
2024 4.5% 4.7%
2025 4.5% 4.6%

TABLE I11.B.2-6. ANNUAL RATE OF INCREASE IN THE STRINGENCY OF THE PREFERRED
ALTERNATIVE OVER VARIOUS PERIODS

Model Years Passenger Car Light Truck
2017-2021 3.7% 2.6%
2022-2025 4.5% 4.6%
2017-2025 4.1% 3.5%

Regarding light trucks, while NHTSA does not agree with the manufacturer’s overall cost
assessments and believe that our technology cost and effectiveness assumptions should
allow the most capable manufacturers to preserve all necessary vehicle utility, the
agencies do believe there is merit to some of the concerns raised in stakeholder feedback.
Specifically, concerns about longer redesign schedules for trucks, compounded by the
need to invest simultaneously in raising passenger car fuel economy, may not have been
fully captured in our preliminary analysis. This could lead manufacturers to implement
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technologies that do not maintain vehicle utility, based on the cadence of the standards
under the 4% alternative. A number of manufacturers repeatedly stated, in providing
feedback, that the MY's 2012-2016 standards for trucks, while feasible, required
significant investment to reach the required levels, and that given the redesign schedule
for trucks, that level of investment throughout the entire MY's 2012-2025 time period was
not sustainable. Based on the confidential business information that manufacturers
provided to us, we believe that this point may be valid. If the agency pushes CAFE
increases that require considerable sustained investment at a faster rate than industry
redesign cycles, adverse economic consequences could ensue. The best information that
the agency has at this time, therefore, indicates that requiring light truck fuel economy
improvements at the 4% annual rate could create potentially severe economic
consequences.

Thus, evaluating the inputs from stakeholders and the agency’s independent analysis, the
agency also considered further how it thought the factors should be balanced to determine
the maximum feasible light truck standards for MY's 2017-2025. Based on that
consideration of the information before the agency and how it informs our balancing of
the factors, NHTSA tentatively concludes that 4%/year CAFE stringency increases for
light trucks in MYs 2017-2021 are likely beyond maximum feasible, and in fact, in the
earliest model years of the MY 2017-2021 period, that the 3%/year and 2%/year
alternatives for trucks are also likely beyond maximum feasible. NHTSA therefore
tentatively concludes that the preferred alternative, which would in MYs 2017-2021
increase on average 2.6%/year, and in MYs 2022-2025 would increase on average
4.6%/year, is the maximum feasible level that the industry can reach in those model
years. For the overall MY 2017-2025 period, the maximum feasible stringency curves
would increase on average 3.5%/year. The rates of increase in stringency for each model
year are summarized in Table 111.B.2-5 and Table 111.B.2-6.

Our analysis indicates that the preferred alternative has 48 percent lower cost than the 4%
alternative (estimated total costs are $44 billion for the preferred alternative and $83
billion for the 4% alternative), and the total benefits of the preferred alternative are 30
percent lower ($87 billion lower) than the 4% alternative (estimated total benefits are
$206 billion for the preferred alternative and $293 billion for the 4% alternative), spread
across the entire lifetimes of all vehicles subject to the standards. The analysis also
shows that the lifetime cumulative fuel savings is 42 percent higher for the 4% alternative
than the preferred alternative (the estimated fuel savings is 69 billion gallons for the
preferred alternative, and 98 billion gallons for the 4% alternative). At the same time, the
increase in average vehicle cost in MY 2025 is 54 percent higher for the 4% alternative
(the estimated cost increase for the average vehicle is $1,578 for the preferred alternative,
and $2,423 for the 4% alternative).

While these differences are larger than for passenger cars, NHTSA believes that
standards set at these levels for these model years will help address concerns raised by
manufacturer stakeholders and reduce the risk for adverse economic consequences, while
at the same time ensuring most of the substantial improvements in fuel efficiency initially
envisioned over the entire period and supported by other stakeholders. NHTSA believes
that these stringency levels, along with the provisions for incentives for advanced
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technologies to encourage their development and implementation, and the agencies’
expectation that some of the uncertainties surrounding consumer acceptance of new
technologies in light trucks should have resolved themselves by that time frame based on
consumers’ experience with the advanced technologies, will enable these increases in
stringency over the entire MY 2017-2025 period. Although, as stated above, the light
truck standards must be maximum feasible in each model year without reference to other
model years, we believe that standards set at the stated levels for MY's 2017-2021 and the
incentives for advanced technologies for pickup trucks will create the best opportunity to
ensure that the MY 2022-2025 standards are economically practicable, and avoid adverse
consequences. The first phase of light truck standards, in that respect, acts as a kind of
bridge to the second phase, in which industry should be able to realize considerable
additional improvements in fuel economy.

The proposed standards also account for the effect of EPA’s standards, in light of the
agencies’ close coordination and the fact that both sets of standards were developed
together to harmonize as part of the National Program. Given the close relationship
between fuel economy and CO, emissions, and the efforts NHTSA and EPA have made
to conduct joint analysis and jointly deliberate on information and tentative conclusions,®’
the agencies have sought to harmonize and align their proposed standards to the greatest
extent possible, consistent with their respective statutory authorities. In comparing the
proposed standards, the agencies’ stringency curves are equivalent, except for the fact
that the stringency of EPA’s proposed passenger car standards reflect the ability to
improve GHG emissions through reductions in A/C system refrigerant leakage and the
use of lower GWP refrigerants (direct A/C improvements),®® and that EPA provides
incentives for PHEV, EV and FCV vehicles, which NHTSA does not provide because
statutory incentives have already been defined for these technologies. The stringency of
NHTSA’s proposed standards for passenger cars for MY's 2017-2025 align with the
stringency of EPA’s equivalent standards when these differences are considered.”
NHTSA is proposing the preferred alternative based on the tentative determination of
maximum feasibility as described earlier in the section, but, based on efforts NHTSA and
EPA have made to conduct joint analysis and jointly deliberate on information and
tentative conclusions, NHTSA has also aligned the proposed CAFE standards with EPA’s
proposed standards.

% NHTSA and EPA conducted joint analysis and jointly deliberated on information and tentative
conclusions related to technology cost, effectiveness, manufacturers’ capability to implement technologies,
the cadence at which manufacturers might support the implementation of technologies, economic factors,
and the assessment of comments from manufacturers.

% As these A/C system improvements do not influence fuel economy, the stringency of NHTSAs preferred
alternatives do not reflect the availability of these technologies.

% We note, however, that the alignment is based on the assumption that manufacturers implement the same
level of direct A/C system improvements as EPA currently forecasts for those model years, and on the
assumption of PHEV, EV, and FCV penetration at specific levels. If a manufacturer implements a higher
level of direct A/C improvement technology and/or a higher penetration of PHEVs, EVs and FCVs, then
NHTSA'’s proposed standards would effectively be more stringent than EPA’s. Conversely, if a
manufacturer implements a lower level of direct A/C improvement technology and/or a lower penetration
of PHEVs, EVs and FCVs, then EPA’s proposed standards would effectively be more stringent than
NHTSA'’s.
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Thus, consistent with President Obama’s announcement on July 29, 2011, and with the
August 9, 2011 SNOI, NHTSA has tentatively concluded that the standards represented
by the preferred alternative are the maximum feasible standards for passenger cars and
light trucks in MYs 2017-2025. We recognize that higher standards would help the need
of the nation to conserve more energy and might potentially be technologically feasible
(in the narrowest sense) during those model years, but based on our analysis and the
evidence presented by the industry, we tentatively conclude that higher standards would
not represent the proper balancing for MYs 2017-2025 cars and trucks.”® We tentatively
conclude that the correct balancing recognizes economic practicability concerns as
discussed above, and sets standards at the levels that the agency is proposing in this
NPRM.” In the same vein, lower standards might be less burdensome on the industry,
but considering the environmental impacts of the different regulatory alternatives as
required under NEPA and the need of the nation to conserve energy, we do not believe
they would have represented the appropriate balancing of the relevant factors, because
they would have left technology, fuel savings, and emissions reductions on the table
unnecessarily, and not contributed as much as possible to reducing our nation’s energy
security and climate change concerns. Standards set at the proposed levels for MY's
2017-2021 will provide the additional benefit of helping to enable further research and
development into the more advanced fuel economy-improving technologies to provide a
bridge to more stringent standards in MY's 2022-2025, and enable significant fuel savings
and environmental benefits throughout the program, and particularly substantial benefits
in the later years of the program and beyond. Additionally, consistent with Executive
Order 13563, the agency believes that the benefits of the preferred alternative amply
justify the costs; indeed, the monetized benefits exceed the monetized costs by $358
billion over the lifetime of the vehicles covered by the proposed standards. In full
consideration of all of the information currently before the agency, we have weighed the
statutory factors carefully and selected proposed passenger car and light truck standards
that we believe are the maximum feasible for MYs 2017-2025.

" We note, for example, that while Executive Orders 12866 and 13563 focus attention on an approach that
maximizes net benefits, both Executive Orders recognize that this focus is subject to the requirements of
the governing statute. In this rulemaking, the standards represented by the “MNB” alternative are more
stringent than what NHTSA has tentatively concluded would be maximum feasible for MYs 2017-2025,
and thus setting standards at that level would be inconsistent with the requirements of EPCA/EISA to set
maximum feasible standards. However, we believe that the proposed standards can be seen as maximizing
net benefits subject to the statutory and other considerations inherent in the determination of maximum
feasible standards.

™ We underscore that the agency’s tentative decision regarding what standards would be maximum feasible
for MY's 2017-2025 is made with reference to the rulemaking time frame and circumstances of this
proposal. Each CAFE rulemaking (indeed, each stage of any given CAFE rulemaking) presents the agency
with new information that may affect how we balance the relevant actors.
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IV. IMPACT OF OTHER GOVERNMENTAL VEHICLE
STANDARDS ON FUEL ECONOMY

Introduction

The Energy Policy and Conservation Act (EPCA or the Act) requires that fuel economy
standards for passenger cars and light trucks be set at the maximum feasible level after
considering the following criteria: (1) technological feasibility, (2) economic
practicability, (3) the impact of other Government standards on fuel economy, and (4) the
need of the Nation to conserve energy. Using MY 2008 as a baseline, this section
discusses the effects of other government regulations on model year (MY) 2017-2025
passenger car and light truck fuel economy. These effects have not been included in the
Volpe model at this time. Based on our analysis and preliminary indications from
industry, the agency is assuming that the manufacturers will be able to reduce overall
weight by an average of 15 percent net compared to MY 2008 vehicles, such that if
weight is added to meet the requirements imposed by the regulations discussed here,
more weight will need to be removed from vehicles in order to reach the assumed net 15
percent reduction.

The Impact on Weight of Safety Standards and Voluntary Safety Improvements

The fuel economy impact of safety improvements will typically take the form of
increased vehicle weight, which reduces the fuel economy of the vehicle. The agency’s
estimates are based on cost and weight tear-down studies of a few vehicles and cannot
possibly cover all the variations in the manufacturers’ fleets, but are meant to be rough
averages of potential per-vehicle costs that could be incurred.

We have broken down our analysis of the impact of safety standards that might affect the
MY 2017-25 fleets into two parts: 1) those NHTSA final rules with known effective
dates, and 2) proposed rules or potential rules in NHTSA’s priority plan that could
become effective before MY 2025, but do not have effective dates at this time.

Weight Impacts of Required Safety Standards (Final Rules)

The National Highway Traffic Safety Administration (NHTSA) has issued several safety
standards that become effective for passenger cars and light trucks between MY 2008 and
MY 2018. We will examine the potential impact on passenger car and light truck weights
for these final rules using MY 2008 as a baseline.

FMVSS 126, Electronic Stability Control
FMVSS 202a, Head Restraints

FMVSS 206, Door Locks

FMVSS 208, 5" Female 35 mph Tests
FMVSS 214, Side Impact Oblique Pole Test
FMVSS 216, Roof Crush

FMVSS 226, Ejection Mitigation

FMVSS 301, Fuel System Integrity

NGO~ wWdE
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FMVSS 126, Electronic Stability Control
The phase-in schedule for vehicle manufacturers is:

Table IV-1
Electronic Stability Control Effective Dates Phase-in Schedule
Model Year Production Beginning Date Requirement
2009 September 1, 2008 55% with carryover credit
2010 September 1, 2009 75% with carryover credit
2011 September 1, 2010 95% with carryover credit
2012 September 1, 2011 All light vehicles

The final rule requires all light vehicles to meet the ESC requirements by MY 2012. In
comparison, the MY 2008 voluntary compliance was estimated as shown in Table 1V-2.

Table IV-2
MY 2008 Voluntary Compliance
Passenger Cars Light Trucks
ABS and ESC 36% 64%
ABS alone 46% 35%
No systems 18% 1%

The agency’s analysis’® of weight impacts found that ABS adds 10.7 Ibs. and ESC adds
1.8 1bs. per vehicle for a total of 12.5 Ibs. Based on confidential manufacturers’ plans for
voluntary installation of ESC in MY 2008, 82 percent of passenger cars would have ABS
and 36 percent would have ESC. Thus, the MY 2008 weight added by the
manufacturers’ plans for passenger cars would be 9.42 Ibs. (0.82*10.7 + 0.36*1.8) and
for light trucks would be 11.75 Ibs. (0.99 x 10.7 + 0.64*1.8).

The incremental weight for the period of MY 2017-2025 compared to the MY 2008
baseline is 3.08 Ibs. for passenger cars (12.5 — 9.42 Ibs) and 0.75 Ibs. for light trucks
(12.5-11.75 Ibs.) for the ESC requirements.

FMVSS 202a, Head Restraints

An amendment to the head restraints rule increased the height of head restraint by an
estimated 1.3 inches and reduced backset, which brought the head restraint closer to the
back of the head. The phase-in starts with MY 2010. The average weight increase is
estimated by NHTSA to be about 3 pounds for both passenger cars and light trucks.

FMVSS 206, Door locks
A new door lock test for sliding doors took effect in MY 2009. This test was expected to
force those sliding doors that used a latch/pin mechanism to change to two latches to help

"2 “Final Regulatory Impact Analysis, FMVSS 126, Electronic Stability Control Systems”, March 2007,
NHTSA, Docket No. 2007-27662-2.
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keep sliding doors closed during crashes. The increase in weight is estimated to be 1.0
Ibs. Several van models had two sliding doors. Out of 1.4 million MY 2003 vans an
estimated 1.2 million doors needed to be changed to the two latch system. Given that
vans were 13.2 percent of light truck sales in MY 2007, it is estimated that in MY 2009,
average light truck weight would be increased by 0.11 Ibs. for sliding door latches
(2.2/1.4 million * 0.132 * 1 Ib.). No increase in weight is anticipated for passenger cars.

FMVSS 208, Occupant Crash Protection — 35 mph belted 50" percentile male and 5™
percentile female testing

The agency phased-in requirements for 35 mph belted testing with the 50" percentile
male were 35 percent for MY 2008, 65 percent for MY 2009, and 100 percent for MY
2010. The agency phased-in requirements for 35 mph belted testing with the 5"
percentile female were 35 percent for MY 2010, 65 percent for MY 2011, and 100
percent for MY 2012. Several different technologies could be used to pass this test, but
the agency’s analysis of these countermeasures showed no increase in weight was
needed.

FMVSS 214, Oblique Pole Side Impact Test

Based on the phase-in requirements for the side impact oblique pole test, all vehicles
must meet the test by MY 2017. A teardown study of five thorax air bags resulted in an
average weight increase per vehicle of 4.77 pounds (2.17 kg).” A second study’
performed teardowns of 5 window curtain systems. One of the window curtain systems
was very heavy (23.45 pounds). The other four window curtain systems had an average
weight increase per vehicle of 6.78 pounds (3.08 kg), a figure which we assumed to be
average for all vehicles in the future.

Based on MY 2008 confidential information supplied by manufacturers to NHTSA, most
vehicles already currently provide head and thorax protection. The estimated percentage
of vehicles with side air bags with head protection was 99.5 percent of passenger cars and
97.2 percent of light trucks and torso protection was estimated at 93.0 percent of
passenger cars and 82.5 percent of light trucks. This information indicates that the
weight increases for the head and thorax air bag countermeasures for the FMVSS 214
oblique pole test for the MY 2017 and later vehicles compared to a MY 2008 baseline are
0.37 Ibs. for passenger cars and 1.02 Ibs. for light trucks.

During make/model testing, the agency noted that some vehicles did not pass the chest
deflection criteria even with thorax air bags. This means that additional structure may
have to be added for some vehicles. Based on information provided in the last fuel
economy rulemaking from several manufacturers, the side structure of many vehicles has
been increased due to the side oblique pole test. An average estimate of the weight added
per vehicle is 12.85 pounds for both passenger cars and light trucks. Based on MY 2008

"3 Khadilkar, et al. “Teardown Cost Estimates of Automotive Equipment Manufactured to Comply with
Motor Vehicle Standard — FMVSS 214(D) — Side Impact Protection, Side Air Bag Features”, April 2003,
DOT HS 809 809.

™ Ludtke & Associates, “Perform Cost and Weight Analysis, Head Protection Air Bag Systems, FMVSS
2017, page 4-3 to 4-5, DOT HS 809 842.
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certification data, an estimated 6.1 percent of passenger cars and 17.9 percent of light
trucks certified compliance to the oblique pole test requirements. Thus, an estimate of
the increased structural weight that will be added between MY 2008 and MY 2017 is
12.07 pounds for passenger cars and 10.55 pounds for light trucks {(1 - .061)*12.85
pounds and (1 - .179)*12.85 pounds}.

Combined, the total weight added for FMVSS 214 oblique pole test between MY 2008
and MY 2017 is estimated to be 12.43 pounds (0.37 + 10.05) for passenger cars and
11.57 pounds (1.02 + 10.55) for light trucks.

EMVSS 216, Roof Crush

On May 12, 2009, NHTSA issued a final rule amending the roof crush standard from 1.5
times the vehicle weight to 3.0 times the vehicle weight for passenger cars and light
trucks of 6,000 Ibs. GVWR or less.” Vehicles over 6,000 Ibs. and less than 10,000 Ibs.
GVWR will be required to meet the same test but at 1.5 times the vehicle weight. This
rule will apply to all passenger cars and light trucks by MY 2017. In the FRIA, the
average passenger car and light truck weight was estimated to increase weight by 7.9 to
15.4 Ibs. The average weight of 11.65 Ibs. will be used in this analysis.

FMVSS 226 Ejection Mitigation

On January 19, 2011, the agency published a final rule on ejection mitigation.”® The final
rule will result in larger window curtain side air bags and for a rollover sensor to be
installed. Based on cost/weight tear down studies, the agency estimates that there will be
a weight increase of 0.73 pounds for air bag material and 1.27 pounds for a larger inflator
for a total of 2.0 pounds for passenger cars. The rollover sensor has a very minor weight.
For light trucks, of which about 72 percent will have 3 rows of curtain coverage instead
of 2 rows in most passenger cars, this estimate is increased by 25 percent to 2.5 pounds.
Thus, for the average light truck the estimate is 2.36 pounds (0.72*2.5 + 0.28* 2.0).

EMVSS 301 Fuel System Integrity

NHTSA issued a final rule changing the rear impact test procedure to a 50 mph offset
test. The phase-in effective dates are 40 percent for MY 2007, 70 percent for MY 2008,
and 100 percent for MY 2009. Thus, an incremental 30 percent of the fleet needs to meet
the standard in comparison to the MY 2008 baseline. Several different countermeasures
could be used to meet the standard. Averaging the most likely two resulted”” in an
estimated 3.7 Ibs. to passenger cars and light trucks. Assuming an incremental 30 percent
of the fleet for MY 2009 at 3.7 Ibs., results in an increase of 1.11 Ibs. for the average
vehicle.

" Final Regulatory Impact Analysis, FMVSS 216 Upgrade Roof Crush Resistance, (Docket No. NHTSA-
2009-0093-0004) (May 12, 2009) (74 FR 22347)

"6 76 FR 3212, January 19, 2011, The Final Regulatory Impact Analysis is in Docket No. NHTSA-2011-
0004-0003.

" Improvements in the fuel filler neck and redesigning areas around the fuel tank shield, for example a
deformed gusset plate punctured the fuel tank wall.
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Weight Impacts of proposed or potential rules that might affect MY 2017 and later
vehicles

Based on NPRMs that the agency has issued, and based on projects in the priority plan,
the agency has selected a list of rulemakings that might also affect weight in the
rulemaking time frame. There is no guarantee that these projects will become final rules.
Unless an NPRM has been issued, the weight estimates for these projects remain
uncertain, since we would not have an actual proposed alternative to determine the
stringency of the proposal.

FMVSS 111, Rear Visibility (Cameras)

Pedestrian Protection

Forward Collision Warning and Crash Imminent Braking
Lane Departure Warning

Oblique/Low Offset Frontal Collision

Event Data Recorders (EDR)

ocoarwhE

FMVSS 111, Rear Visibility

On December 7, 2008, the agency issued a notice of proposed rulemaking (NPRM) on
rear visibility for passenger cars and light trucks. At this point it appears that cameras are
the only countermeasure that could meet all the criteria of the proposal. Based on the
preliminary results of a tear down study, we estimate the weight of a camera assembly
with the display in the mirror at 0.32 Ibs., and a camera assembly with the display on the
dash at 0.50 Ibs. Assuming a 50-50 split in these two display methods, the average
weight increase would be 0.41 Ibs. Based on sales information, only a small percent of
passenger cars had cameras for MY 2008 and about 5 percent of the light trucks had
cameras. While a larger percent of the fleet has cameras as an option in MY 2008, the
agency does not have sales figures or take rates on those optional systems to update those
percentages. Thus, the incremental weights are estimated to be 0.41 Ibs. for passenger
cars and 0.39 Ibs. for light trucks.

Pedestrian Protection

The agency currently expects to propose the Global Technical Regulation on pedestrian
protection. The effective dates have not been decided. Potential weight increases for
pedestrian head and leg protection have not yet been identified, but the leg protection part
of the standard has the potential to add many pounds to the front of the vehicle to extend
the front end with softer material (perhaps 20 or more pounds).

Forward Collision Warning and Crash Imminent Braking

This is a research project in the priority plan that would add about 2 pounds to each
vehicle, including having a radar in the front of the vehicle and possibly a camera behind
the mirror facing forward, and wiring to a computer and the brakes.
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Lane Departure Warning

This is another research project that would add about 2 pounds to each vehicle. It could
use the same camera behind the mirror and could be connected to a computer and the
steering system if lane keeping is part of the system.

Oblique/Low Offset Frontal Collision

The agency has made no decisions on this research project yet, but it does have the
potential to add many pounds to the front of the vehicle (20-40 Ibs) to have structure on
the corners of the vehicle.

Part 563 Event Data Recorders

The agency anticipates about 1.0 pound of additional wiring or modules will be required
by some manufacturers to meet future potential standards in this area. At this time, this
only includes requiring the current voluntary standard and does not include other
potential updates which have not been proposed.

Voluntary Measures that could affect weight
There are other voluntary measures that some manufacturers have identified as
potentially increasing weight substantially. These include:

New NCAP tests — these have yet to be proposed, so their impact is not known.
I1HS testing of a narrow frontal pole test — how much overlap there is between meeting

this test and the oblique/low offset frontal collision is not known. Potentially the same
countermeasures could be designed to meet both projects.

Summary — Overview of Anticipated Weight Increases

Table 1V-3 summarizes estimates made by NHTSA regarding the weight added by the
above discussed standards or potential rulemakings. NHTSA currently estimates that
weight additions required by final rules will add 33.27 pounds for passenger cars and
30.55 pounds for light trucks. With more uncertainty, we have estimated weight impacts
of potential NHTSA regulations that would be effective by MY 2025, compared to the
MY 2008 fleet, would increase weight by 45.4 to 65.4 pounds for passenger cars and
light trucks. The combined weight increase of these safety standards are estimated at
78.68 to 98.68 pounds for passenger cars and 75.94 to 95.9 pounds for light trucks.
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Table V-3

NHTSA ESTIMATES

Weight Additions Due to Final Rules or Potential NHTSA Regulations
Comparing MY 2025 to the MY 2008 Baseline fleet

Final Rules by Passenger Passenger Cars | Light Trucks | Light Trucks
FMVSS No. Cars Added | Added Weight | Added Weight | Added Weight

Weight (kilograms) (pounds) (kilograms)
(pounds)

126 ESC 2.12 0.96 0.29 0.13

202a Head 0.60 0.27 0.60 0.27

Restraints

206 Door 0.00 0.00 0.11 0.05

Locks

208 5™ Female 0.00 0.00 0.00 0.00

35 mph Test

214 Side Pole 12.43 5.64 11.57 5.25

Test

216 Roof 11.65 5.28 11.65 5.28

Crush

226 Ejection 2.00 0.91 2.36 1.07

Mitigation

301 Fuel Tank 1.11 0.50 1.11 0.50

Final Rules 33.27 15.09 30.55 13.86

Subtotal
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Potential Rules

111 Rear 0.41 0.19 0.39 0.18
Cameras

Pedestrian 20.00 9.07 20.00 9.07
Protection

Forward 2.00 0.91 2.00 0.91
Collision

Warning

Lane Departure 2.00 0.91 2.00 0.91
Warning

Oblique/Offset 20.00 - 40.00 9.07 - 18.14 20.00 - 40.00 9.07 - 18.14
Frontal

Part 563 EDR 1.00 0.45 1.00 0.45
Potential Rules 45.41 -65.41 | 20.60 - 29.67 45.29 - 65.39 20.59 - 29.66
Subtotal

Total 78.68 —98.68 | 35.69 —44.76 75.94 —95.94 34.45 - 43.52

[CONFIDENTIAL

Table IV-4 provides a comparison of NHTSA estimates to those provided confidentially

by
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Table IV-4
CONFIDENTIAL DATA
Weight Additions Due to Final Rules or Potential NHTSA Regulations

Comparing MY 2025 to the MY 2010 Baseline fleet
PASSENGER CARS (in pounds)
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V. FUEL ECONOMY ENHANCING TECHNOLOGIES AND THE
VOLPE MODEL

What attribute and mathematical function do the agencies use, and why?

As in the MYs 2012-2016 CAFE rule, and as NHTSA did in the MY 2011 CAFE rule,
NHTSA is proposing to set attribute-based CAFE standards that are defined by a
mathematical function. EPCA, as amended by EISA, expressly requires that CAFE
standards for passenger cars and light trucks be based on one or more vehicle attributes
related to fuel economy, and be expressed in the form of a mathematical function.”
Public comments on the MYs 2012-2016 rulemaking widely supported attribute-based
standards.

Under an attribute-based standard, every vehicle model has a fuel economy target, the
level of which depends on the vehicle’s attribute (for this proposal, footprint, as discussed
below). The manufacturers’ fleet average performance is determined by the harmonic
production-weighted”® average of those targets.

NHTSA believes an attribute-based standard is preferable to a single-industry-wide
average standard in the context of CAFE standards for several reasons. First, if the shape
is chosen properly, every manufacturer is more likely to be required to continue adding
more fuel efficient technology each year across their fleet, because the stringency of the
compliance obligation will depend on the particular product mix of each manufacturer.
Therefore a maximum feasible attribute-based standard will tend to require greater fuel
savings and CO; emissions reductions overall than would a maximum feasible flat
standard (that is, a single mpg level applicable to every manufacturer).

Second, depending on the attribute, attribute-based standards reduce the incentive for
manufacturers to respond to CAFE standards in ways harmful to safety.*® Because each
vehicle model has its own target (based on the attribute chosen), properly fitted attribute-
based standards provide little, if any, incentive to build smaller vehicles simply to meet a
fleet-wide average, because the smaller vehicles will be subject to more stringent
compliance targets.®

Third, attribute-based standards EProvide a more equitable regulatory framework for
different vehicle manufacturers.®? A single industry-wide average standard imposes
disproportionate cost burdens and compliance difficulties on the manufacturers that need
to change their product plans to meet the standards, and puts no obligation on those
manufacturers that have no need to change their plans. As discussed above, attribute-

849 U.S.C. 32902(a)(3)(A).

" Production for sale in the United States.

8 The 2002 NAS Report described at length and quantified the potential safety problem with average fuel
economy standards that specify a single numerical requirement for the entire industry. See 2002 NAS
Report at 5, finding 12. Ensuing analyses, including by NHTSA, support the fundamental conclusion that
standards structured to minimize incentives to downsize all but the largest vehicles will tend to produce
better safety outcomes than flat standards.

8 Assuming that the attribute is related to vehicle size.

8 1d. at 4-5, finding 10.
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based standards help to spread the regulatory cost burden for fuel economy more broadly
across all of the vehicle manufacturers within the industry.

Fourth, attribute-based standards better respect economic conditions and consumer
choice, as compared to single-value standards. A flat, or single-value standard,
encourages a certain vehicle size fleet mix by creating incentives for manufacturers to use
vehicle downsizing as a compliance strategy. Under a footprint-based standard,
manufacturers are required to invest in technologies that improve the fuel economy of the
vehicles they sell rather than shifting the product mix, because reducing the size of the
vehicle is generally a less viable compliance strategy given that smaller vehicles have
more stringent regulatory targets.

As in the MYs 2012-2016 CAFE rules, and as NHTSA did in the MY 2011 CAFE rule,
NHTSA is proposing to set CAFE standards that are based on vehicle footprint, which
has an observable correlation to fuel economy and emissions. There are several policy
and technical reasons why NHTSA believes that footprint is the most appropriate
attribute on which to base the standards, even though some other vehicle attributes
(notably curb weight) are better correlated to fuel economy and emissions.

First, in the agency’s judgment, from the standpoint of vehicle safety, it is important that
the CAFE and CO; standards be set in a way that does not encourage manufacturers to
respond by selling vehicles that are in any way less safe. While NHTSA’s research of
historical crash data also indicates that reductions in vehicle mass that are accompanied
by reductions in vehicle footprint tend to compromise vehicle safety, footprint-based
standards provide an incentive to use advanced lightweight materials and structures that
would be discouraged by weight-based standards, because manufacturers can use them to
improve a vehicle’s fuel economy and CO, emissions without their use necessarily
resulting in a change in the vehicle’s fuel economy and emissions targets.

Further, although we recognize that weight is better correlated with fuel economy than is
footprint, we continue to believe that there is less risk of “gaming” (changing the
attribute(s) to achieve a more favorable target) by increasing footprint under footprint-
based standards than by increasing vehicle mass under weight-based standards—it is
relatively easy for a manufacturer to add enough weight to a vehicle to decrease its
applicable fuel economy target a significant amount, as compared to increasing vehicle
footprint. We also continue to agree with concerns raised in 2008 by some commenters
on the MY 2011 CAFE rulemaking that there would be greater potential for gaming
under multi-attribute standards, such as those that also depend on weight, torque, power,
towing capability, and/or off-road capability. As presented in NHTSA’s MY 2011 CAFE
final rule,® we anticipate that the possibility of gaming is lowest with footprint-based
standards, as opposed to weight-based or multi-attribute-based standards. Specifically,
standards that incorporate weight, torque, power, towing capability, and/or off-road
capability in addition to footprint would not only be more complex, but by providing
degrees of freedom with respect to more easily-adjusted attributes, they could make it
less certain that the future fleet would actually achieve the average fuel economy levels
projected by the agency.

% See 74 FR at 14359 (Mar. 30, 2009).
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NHTSA recognizes that based on economic and consumer demand factors that are
external to this rule, the distribution of footprints in the future may be different (either
smaller or larger) than what is projected in this rule. However, NHTSA continues to
believe that there will not be significant shifts in this distribution as a direct consequence
of this proposed rule. The agency also recognize that some international attribute-based
standards use attributes other than footprint and that there could be benefits for a number
of manufacturers if there was greater international harmonization of fuel economy and
GHG standards for light-duty vehicles, but this is largely a question of how stringent
standards are and how they are tested and enforced. It is entirely possible that footprint-
based and weight-based systems can coexist internationally and not present an undue
burden for manufacturers if they are carefully crafted. Different countries or regions may
find different attributes appropriate for basing standards, depending on the particular
challenges they face—from fuel prices, to family size and land use, to safety concerns, to
fleet composition and consumer preference, to other environmental challenges besides
climate change. NHTSA anticipates working more closely with other countries and
regions in the future to consider how to address these issues in a way that least burdens
manufacturers while respecting each country’s need to meet its own particular challenges.
NHTSA continues to find that footprint is the most appropriate attribute upon which to
base the proposed standards, but recognizing strong public interest in this issue, we seek
comment on whether the agency should consider setting standards for the final rule based
on another attribute or another combination of attributes. If commenters suggest that the
agency should consider another attribute or another combination of attributes, we
specifically request that commenters address the concerns raised in the paragraphs above
regarding the use of other attributes, and explain how standards should be developed
using the other attribute(s) in a way that contributes more to fuel savings and CO,
reductions than the footprint-based standards, without compromising safety.

For the MY 2011 CAFE rule, NHTSA estimated fuel economy levels after normalization
for differences in technology.®* Starting with the technology adjusted passenger car and
light truck fleets, NHTSA used minimum absolute deviation (MAD) regression without
sales weighting to fit a logistic form as a starting point to develop mathematical functions
defining the standards. NHTSA then identified footprints at which to apply minimum
and maximum values (rather than letting the standards extend without limit) and
transposed these functions vertically (i.e., on a gpm basis, uniformly downward) to
produce the promulgated standards. In the preceding rule, for MYs 2008-2011 light truck
standards, NHTSA examined a range of potential functional forms, and concluded that,
compared to other considered forms, the constrained logistic form provided the expected
and appropriate trend (decreasing fuel economy as footprint increases), but avoided
creating “kinks” the agency was concerned would provide distortional incentives for
vehicles with neighboring footprints.®

8 See 74 FR 14196, 14363-14370 (Mar. 30, 2009) for NHTSA discussion of curve fitting in the MY 2011
CAFE final rule.

8 See 71 FR 17556, 17609-17613 (Apr. 6, 2006) for NHTSA discussion of “kinks” in the MYs 2008-2011
light truck CAFE final rule (there described as “edge effects”). A “kink,” as used here, is a portion of the
curve where a small change in footprint results in a disproportionally large change in stringency.
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For the MYs 2012-2016 rules, NHTSA and EPA re-evaluated potential methods for
specifying mathematical functions to define fuel economy and GHG standards. The
agencies concluded that the constrained logistic form, if applied to post-MY 2011
standards, would likely contain a steep mid-section that would provide undue incentive to
increase the footprint of midsize passenger cars.®® The agencies judged that a range of
methods to fit the curves would be reasonable, and used a minimum absolute deviation
(MAD) regression without sales weighting on a technology-adjusted car and light truck
fleet to fit a linear equation. This equation was used as a starting point to develop
mathematical functions defining the standards as discussed above. The agencies then
identified footprints at which to apply minimum and maximum values (rather than letting
the standards extend without limit) and transposed these constrained/piecewise linear
functions vertically (i.e., on a gpm or CO; basis, uniformly downward) to produce the
fleet-wide fuel economy and CO, emission levels for cars and light trucks described in
the final rule.”’

By requiring NHTSA to set CAFE standards that are attribute-based and defined by a
mathematical function, Congress appears to have wanted the post-EISA standards to be
data-driven — a mathematical function defining the standards, in order to be “attribute-
based,” should reflect the observed relationship in the data between the attribute chosen
and fuel economy.® The relationship between fuel economy and footprint, though
directionally clear (i.e., fuel economy tends to decrease with increasing footprint), is
theoretically vague and quantitatively uncertain; in other words, not so precise as to a
priori yield only a single possible curve.?® There is thus a range of legitimate options
open to NHTSA in developing curve shapes. The agency may of course consider
statutory objectives in choosing among the many reasonable alternatives. For example,
curve shapes that might have some theoretical basis could lead to perverse outcomes
contrary to the intent of the statute to conserve energy.” Thus, the decision of how to set
the target curves cannot always be just about most “clearly” using a mathematical
function to define the relationship between fuel economy and the attribute; it often has to
have a normative aspect, where the agency adjusts the function that would define the
relationship in order to avoid perverse results, improve equity of burden across
manufacturers, preserve consumer choice, etc. This is true both for the decisions that
guide the mathematical function defining the sloped portion of the target curves, and for
the separate decisions that guide our choice of “cut-points” (if any) that define the fuel

% 75 FR at 25362

8 See generally 74 FR at 49491-96; 75 FR at 25357-62.

8 A mathematical function can be defined, of course, that has nothing to do with the relationship between
fuel economy and the chosen attribute — the most basic example is an industry-wide standard defined as the
mathematical function average required fuel economy = X, where X is the single mpg level set by the
agency. Yet a standard that is simply defined as a mathematical function that is not tied to the attribute(s)
would not meet the requirement of EISA.

8 In fact, numerous manufacturers have confidentially shared with the agencies what they described as
“physics based” curves, with each OEM showing significantly different shapes, and footprint relationships.
The sheer variety of curves shown to the agencies further confirm the lack of an underlying principle of
“fundamental physics” driving the relationship between CO, emission or fuel consumption and footprint,
and the lack of an underlying principle to dictate any outcome of the agencies’ establishment of footprint-
based standards.

% For example, if the agencies set weight-based standards defined by a steep function, the standards might
encourage manufacturers to keep adding weight to their vehicles to obtain less stringent targets.
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economy and footprints at each end of the curves where the curves become flat. Data
informs these decisions, but how the agency defines and interprets the relevant data, and
then the choice of methodology for fitting a curve to the data, must include a
consideration of both technical concerns and policy goals.

Each of the CAFE standards that NHTSA is proposing today for passenger cars and light
trucks is expressed as a mathematical function that defines a fuel economy target
applicable to each vehicle model and, for each fleet, establishes a required CAFE level
determined by computing the sales-weighted harmonic average of those targets. We
emphasize that whenever NHTSA shows required CAFE mpg levels, they are estimated
required levels based on NHTSA’s current projection of manufacturers’ vehicle fleets in
MYs 2017-2025. Actual required levels are not determined until the end of each model
year, when all of the vehicles produced by a manufacturer in that model year are known
and their compliance obligation can be determined with certainty. The target curves, as
defined by the constrained linear function, and as embedded in the function for the sales-
weighted harmonic average, are the real “standards.”

NHTSA has determined passenger car fuel economy targets using a constrained linear
function defined according to the following formula:

TARGET = 1

MIN [MAX (CX FOOTPRINT +d,i),é}

Here, TARGET is the fuel economy target (in mpg) applicable to vehicles of a given
footprint (FOOTPRINT, in square feet), b and a are the function’s lower and upper
asymptotes (also in mpg), respectively, c is the slope (in gallons per mile per square foot)
of the sloped portion of the function, and d is the intercept (in gallons per mile) of the
sloped portion of the function (that is, the value the sloped portion would take if extended
to a footprint of 0 square feet. The MIN and MAX functions take the minimum and
maximum, respectively of the included values.

NHTSA is proposing, consistent with the standards for MYs 2011-2016, that the CAFE
level required of any given manufacturer be determined by calculating the production-
weighted harmonic average of the fuel economy targets applicable to each vehicle model:

PRODUCTION,; is the number of units produced for sale in the United States of each i"
unique footprint within each model type, produced for sale in the United States, and
TARGET; is the corresponding fuel economy target (according to the equation shown
above and based on the corresponding footprint), and the summations in the numerator
and denominator are both performed over all unique footprint and model type
combinations in the fleet in question.
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The proposed standards for passenger cars are, therefore, specified by the four
coefficients defining fuel economy targets:

a = upper limit (mpg)

b = lower limit (mpg)

¢ = slope (gallon per mile per square foot)

d = intercept (gallon per mile)

For light trucks, NHTSA is proposing to define fuel economy targets in terms of a
mathematical function under which the target is the maximum of values determined
under each of two constrained linear functions. The second of these establishes a “floor”
reflecting the MY 2016 standard, after accounting for estimated adjustments reflecting
increased air conditioner efficiency. This prevents the target at any footprint from
declining between model years. The resultant mathematical function is as follows:

The proposed standards for light trucks are, therefore, specified by the eight coefficients
defining fuel economy targets:

a = upper limit (mpg)

b = lower limit (mpg)

¢ = slope (gallon per mile per square foot)

d = intercept (gallon per mile)

e = upper limit (mpg) of “floor”

f = lower limit (mpg) of “floor”

g = slope (gallon per mile per square foot) of “floor”

h = intercept (gallon per mile) of “floor”

As discussed in the draft joint TSD prepared by NHTSA and EPA, for the NPRM which
this PRIA accompanies, the agencies reevaluated options for developing standards
specified by the mathematical functions shown above. In doing so, the agencies sought
to balance multiple technical concerns and policy considerations, such as implications for
highway safety, potential risks that fuel economy and greenhouse gas reduction benefits
will be less than expected, and relative compliance burdens on full-line and limited-line
manufacturers. In considering how to address the various policy concerns discussed in
the previous sections, the agencies revisited the market forecast and technology
estimates, and performed a number of analyses using different combinations of the
various statistical methods, weighting schemes, adjustments to the data and the addition
of technologies to make the fleets less technologically heterogeneous.

As discussed in the TSD, and in the preamble to today’s proposed rule, in NHTSA’s
judgment, there is no single “correct” way to estimate the relationship between fuel
consumption and footprint — rather, each statistical result is based on the underlying
assumptions about the particular functional form, weightings and error structures
embodied in the representational approach. Therefore, as described below and in detail
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in the agencies’ joint TSD, NHTSA considered a range of different ways to adjust the
data and statistically fit curves that could be used to develop standards.

Beginning with the agencies’ joint MY 2008-based market forecast (described in Chapter
1 of the TSD), NHTSA performed a range of regressions describing the relationship
between a vehicle’s fuel consumption and its footprint. Because the relationship between
fuel economy and CO, emission changes with fuel type, NHTSA excluded diesels and
dedicated alternative fuel vehicles. As discussed in the joint TSD, the agency fitted
curves to fuel economy levels as in the MY 2008 fleet; to fuel economy levels reflecting
the addition of technologies as described above; and to fuel economy levels also
reflecting adjustments based on differences considered in terms of various combinations
of factors: initial (raw) fleets with no technology, versus after technology is applied;
sales-weighted versus non-sales weighted; and with and without two sets of “normalizing
factors” (horsepower-to-weight and weight-to-footprint ratios). These adjustments are
presented in detail in the joint TSD.

NHTSA previously rejected adjustments based on normalizing factors because such
adjustments have the potential to produce a virtually flat standard,®* they imply that a
multi-attribute standard may be necessary,* and the agency judged multi-attribute
standard to be more subject to gaming than a footprint-only standard.”® Notwithstanding
these concerns, considering the policy concerns raised in connection with the shapes of
the attribute-based standards, NHTSA, working jointly with EPA, determined that the
agencies should reexamine the application of such normalization factors, and selected
power-to-weight and weight-to-footprint ratios for evaluation. The agencies could have
examined other potential factors, such as torque, engine displacement and cylinder count,
load ratings (e.g., towing capacity, GVWR, GCWR), interior volume, seating capacity,
frontal area, and other vehicle attributes that could be related to fuel economy; NHTSA
invites comment on whether such factors should be considered for purposes of fitting
curves defining final fuel economy standards. NHTSA also invites comment on whether,

°! The potential to produce a flat standard arises if the normalizations remove sufficient explanatory power
from footprint as an attribute related to fuel economy. NHTSA observed such an outcome when
normalizing for differences in power-to-weight ratios in 2006, based on the market forecast and technology
estimates the agency was applying at the time. Considering this, NHTSA reached the following
conclusion: “NHTSA has experimented with normalizing footprint by horsepower-to-weight ratio. The
result was a nearly flat standard with respect to footprint across the most popular size ranges. This did not
appear to deliver the benefits of an attribute-based system. In addition, it involves significant downward
adjustments to the fuel economy of hybrid electric vehicles (such as the Toyota Prius), for which the engine
is not the sole source of motive power. Also, it involves significant upward adjustments to the fuel
economy of vehicles with high power-to-weight ratios (such as the Chevrolet Corvette). Some of these
upward and downward adjustments are large enough to suggest radical changes in the nature of the original
vehicles. Furthermore, insofar as such normalization implies that NHTSA should adopt a two-attributed
standard (e.g., in which the target depends on footprint and power-to-weight ratio), it may be challenging
and time consuming to come up with a sufficiently precise vehicle-by-vehicle definition of horsepower or
horsepower-to-weight to be used for regulatory purposes.” (73 FR 24437-24438)

% For example, in comments on NHTSA’s 2008 NPRM regarding MY 2011-2015 CAFE standards,
Porsche recommended that standards be defined in terms of a “Summed Weighted Attribute”, wherein the
fuel economy target would calculated as follows: target = f(SWA), where target is the fuel economy target
applicable to a given vehicle model and SWA = footprint + torque’*® + weight”?®. (NHTSA-2008-0089-
0174).

% 74 FR 14359.
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and if so, the extent to which adjustments based on normalizing factors indicate that a
standard expressed in terms of the same factors would be appropriate (e.g., rather than
using power-to-weight ratios to adjust fuel economy values used to fit a footprint-based
function, should NHTSA promulgate a standard that depends on power-to-weight, rather
than just on footprint?).

Using the footprint, fuel economy, and production (i.e., number of units expected to be
produced for sale in the United States) values resulting from the analysis described above
and in the joint TSD, NHTSA fitted lines using combinations of the following statistical
techniques: unweighted regression, in which each vehicle model type is treated as a
unique observation; production-weighted regression, in which each unit produced is
treated as unique observation; ordinary least squares (OLS) regression, in which the
quality of the fit is measured in terms of the sum of the squared error terms; and
minimum absolute deviation (MAD), in which the quality of the fit is measured in terms
of the sum of the error terms’ absolute values.

Previously, NHTSA elected to use unweighted regression because production-weighted
regression gives the highest-sales vehicle model types vastly more emphasis than the
lowest-sales vehicle models.®* NHTSA also elected to use MAD rather than OLS
because apparent outliers have less influence on the outcomes of MAD-based regression
than they do on the outcomes of OLS-based regression (especially if production-weighted
regression is performed and high-volume outliers are present), and NHTSA was unable to
develop unambiguous criteria for identifying and rejecting outliers.®* Notwithstanding
these concerns, considering the policy concerns raised in connection with the shapes of
the attribute-based standards, NHTSA, working jointly with EPA, determined that the
agencies should include regression using production weighting and/or OLS among
options explored for today’s rulemaking. NHTSA invites comment on the advantages
and disadvantages of production-weighted regression (as compared to unweighted
regression), on the advantages and disadvantage of OLS (as compared to MAD and/or
other robust regression techniques), and on any alternative regression techniques that
could be applied for purposes of developing curves underlying attribute-based CAFE
standards.

As discussed in the joint TSD, each combination of methods and data reflects a
perspective, and the regression results simply reflect that perspective in a simple
quantifiable manner, expressed as the coefficients determining the line through the
average (for OLS) or the median (for MAD) of the data. It is left to policy makers to
determine an appropriate perspective and to interpret the consequences of the various
alternatives.

For illustrative purposes, the set of figures below show the range of curves determined by
the possible combinations of regression technique, with and without sales weighting, with
and without the application of technology, and with various adjustments to the gpm
variable prior to running a regression. Again, from a statistical perspective, each of these
regressions simply represents the assumptions employed. Since they are all univariate
regressions, they describe the line that will result from minimizing the residuals or

% 73 FR 24417-24429.
% Ibid.
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squared residuals. Figures show the results for passenger cars, then light trucks, for
ordinary least squares (OLS), then similar results for MAD regressions for cars and light
trucks, respectively. The various equations are represented by the string of attributes
used to define the regression. See Table V-3, below, for the legend. Thus, for example,
the line representing ols_LT_wt_ft_adj_init_w should be read as follows: an OLS
regression, for light trucks, using data adjusted according to weight to footprint, no
technology added, and weighted by sales.

Table V-3. Regression Descriptors

Notation Description
ols or mad Ordinary least squares or mean absolute deviation
PCor LT Passenger car or light truck
hp_wt adj Adjustment for horsepower to weight
wt_ft_adj Adjustment for weight to footprint
wt_ft hp wt adj | Adjustment for both horsepower to weight and weight to footprint
init or final Vehicles with no technology (initial) or with technology added
(final)
uorw Unweighted or weighted by sales

Thus, the next figure, for example, represents a family of curves (lines) fit using ordinary
least squares on data for passenger cars, not modified for technology, and which therefore
permits comparisons of results in terms of the factors that change in each regression.
These factors are whether the data are sales-weighted (denoted “w”) or unweighted
(denoted “u™), as well as the various forms of adjustments described above to introduce
other performance factors into the analysis, namely horsepower and weight, in the
various ways described (whether horsepower to weight, weight to footprint, or both).
Each of these adjustments has an influence on the regressions results, depicted in Figure
V-1 below.
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Figure V-1
Best Fit Results for VVarious Regressions: Cars, No Added Technology, OLS
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Figure V-2, below, shows comparable results, this time with data representing the
additional technology that has been added to reduce technological heterogeneity. Note
that the data now pass through the relevant data “cloud” for the Technology Fleet. The
slopes of the lines are somewhat more clustered (less divergent) in the chart depicting
added technology.
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Figure V-2
Best Fit Results for VVarious Regressions: Cars, with Added Technology, OLS
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Similar to the figures displaying the results for passenger cars, the figures below display
regression lines for trucks, first with no technology added, then subsequently, for the case
where technology has been added. Slopes appear more similar to each other here than of
passenger cars.
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Figure V-3
Best Fit Results for VVarious Regressions: Trucks, No Added Technology, OLS
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Figure V-4

Best Fit Results for Various Regressions: Trucks, With Added Technology, OLS

Gallons per Mile

0.1

0.09

0.08

0]
0.07 o)

o0

o
0.06 OO 0 00000 0 O

o
o
ol

0.04

0.03

0.02

0.01

O T T T T T 1
25 35 45 55 65 75 85

Footprint
e 0lsLT__final_w = 0lsLT__final_u
e 0|SLT_hp_wt_adj__final_w e 0|sLT_hp_wt_adj__final_u
e o|sLT_wt_ft_hp_wt_adj__final_w ===olsLT_wt_ft_hp_wt_adj__ final_u
olsLT_wt_ft_adj__final_w olsLT_wt_ft_adj__final_u

O No Technology Fleet O Technology Fleet



128

Figure V-5, below, displays regression results for the passenger car MAD best fits,
which reduce the impact of outliers on the results. The results for the technology fleet do
not demonstrate, however, the same degree of impact in reducing the difference in the
attained slopes (with and without the addition of technology) evidenced in the OLS
regressions.
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Figure V-5
Best Fit Results for VVarious Regressions: Cars, No Added Technology, MAD
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Figure V-6

Best Fit Results for Various Regressions: Cars, Added Technology, MAD
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The MAD regression results below in Figure V-7 show a grouping of the fitted lines
similar to that displayed in the OLS fits for trucks. As expected, an additional reduction
in divergence is seen in the case where technology has been added, in Figure V-8, which
can be ascribed to the reduction in heterogeneity of the fleet brought about by the
addition of the technology.
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Figure V-7
Best Fit Results for VVarious Regressions: Trucks, No Added Technology, MAD
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Figure V-8
Best Fit Results for VVarious Regressions: Trucks, with Added Technology, MAD
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The choice among the alternatives presented above was to use the OLS formulation, on
sales-weighted data, using a fleet that has had technology applied, and after adjusting the
data for the effect of weight-to-footprint, as described above. NHTSA believes that this
represents a reasonable approach for purposes of developing target curves to define the
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proposed standards, and that it represents a reasonable trade-off among various
considerations balancing analytical and policy matters, which include the statistical
representativeness of the curves considered and the steepness of the curve chosen.
NHTSA judges the application of technology prior to curve fitting to provide a
reasonable means—one consistent with the rule’s objective of encouraging manufacturers
to add technology in order to increase fuel economy—of reducing variation in the data
and thereby helping to estimate a relationship between fuel consumption/CO, and
footprint.

Similarly, given the agencies’ current MY 2008-based market-forecast and the agencies’
current estimates of future technology effectiveness, the inclusion of the weight-to-
footprint data adjustment prior to running the regression also helps to improve the fit of
the curves by reducing the variation in the data, and NHTSA believes that the benefits of
this adjustment for this proposed rule likely outweigh the potential that resultant curves
might somehow encourage reduced load carrying capability or vehicle performance (note
that the we are not suggesting that we believe these adjustments will reduce load carrying
capability or vehicle performance). In addition to reducing the variability, the truck
curve is also steepened, and the car curve flattened compared to curves fitted to sales-
weighted data that do not include these normalizations. NHTSA agrees with
manufacturers of full-size pick-up trucks that in order to maintain towing and hauling
utility, the engines on pick-up trucks must be more powerful than their low weight per
square foot would statistically suggest based on the agencies’ current MY 2008-based
market forecast and the agencies’ current estimates of the effectiveness of different fuel-
saving technologies. Therefore, it may be more equitable (i.e., in terms of relative
compliance challenges faced by different light truck manufacturers) to adjust the slope of
the curve defining fuel economy targets.

The results of the normalized regressions are displayed in Table V-4, below.
Table V-4 — Regression Results

Vehicle Slope Constant
(gallons/mile) (gallons/mile)

Passenger cars 0.000431 -0.00052489

Light trucks 0.0002526 0.01121968

As described above, however, other approaches are also technically reasonable, and also
represent a way of expressing the underlying relationships. NHTSA plans to revisit the
analysis for the final rule, after updating the underlying market forecast and estimates of
technology effectiveness, and based on relevant public comments received. In addition,
the agencies intend to update the technology cost estimates, which could alter the NPRM
analysis results and consequently alter the balance of the trade-offs being weighed to
determine the final curves.

As shown in the figures below, the line represents the sales-weighted OLS regression fit
of gallons per mile regressed on footprint, with the data first adjusted by weight to
footprint, as described above. This introduces weight as an additional consideration into
the slope of the footprint curve, although in a manner that adjusts the data as described



above, and thus maintains a simple graphical interpretation of the curve in a two
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dimensional space (gallons per mile and footprint).

Figure V-9
Gallons per Mile versus Footprint, Cars
(Data adjusted by weight to footprint).
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Figure V-9
Gallons per Mile versus Footprint, Trucks
(data adjusted by weight to footprint).
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In the preceding two figures, passenger car and light truck data is represented for the
specification chosen, with the size of the observation scaled to sales. NHTSA notes with
regard to light trucks that for the MY's 2012-2016 NPRM and final rule analyses, some
models of pickups had been aggregated together, when, for example, the same pickup had
been available in different cab configurations with different wheelbases.” For the
current analysis, these models have been disaggregated and are represented individually,
which leads to a slightly different outcome in the regression results than had they
remained aggregated.

The proposed slope has several implications relative to the MY 2016 curves, with the
majority of changes on the truck curve. With the agencies’ current MY 2008-based
market forecast and the agencies’ current estimates of technology effectiveness, the
combination of sales weighting and WT/FP normalization produced a car curve slope
similar to that finalized in the MY 2012-2016 final rulemaking (4.7 g/mile in MY 2016,
vs. 4.5 g/mile proposed in MY 2017). By contrast, the truck curve is steeper in MY 2017
than in MY 2016 (4.0 g/mile in MY 2016 vs. 4.9 g/mile in MY 2017). As discussed
previously, a steeper slope relaxes the stringency of targets for larger vehicles relative to
those for smaller vehicles, thereby shifting relative compliance burdens among
manufacturers based on their respective product mix.

% See 75 FR at 25354
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Just as for slope, in determining the appropriate footprint and fuel economy values for the
“cutpoints,” the places along the curve where the sloped portion becomes flat, the
agencies took a fresh look for purposes of this proposal, taking into account the updated
market forecast and new assumptions about the availability of technologies. The next
two sections discuss NHTSA’s approach to cutpoints for the passenger car and light truck
curves separately, as the policy considerations for each vary somewhat.

NHTSA continues to believe that without a limit at the smallest footprints, the function—
whether logistic or linear—can reach values that would be unfairly burdensome for a
manufacturer that elects to focus on the market for small vehicles; depending on the
underlying data, an unconstrained form could result in stringency levels that are
technologically infeasible and/or economically impracticable for those manufacturers that
may elect to focus on the smallest vehicles. On the other side of the function, without a
limit at the largest footprints, the function may provide no floor on required fuel
economy. Also, the safety considerations that support the provision of a disincentive for
downsizing as a compliance strategy apply weakly, if at all, to the very largest vehicles.
Limiting the function’s value for the largest vehicles thus leads to a function with an
inherent absolute minimum level of performance, while remaining consistent with safety
considerations.

The passenger car fleet upon which NHTSA has based the target curves for MY's 2017-
2025 is derived from MY 2008 data, as discussed above. In MY 2008, passenger car
footprints ranged from 36.7 square feet, the Lotus Exige 5, to 69.3 square feet, the
Daimler Maybach 62. In that fleet, several manufacturers offer small, sporty coupes
below 41 square feet, such as the BMW Z4 and Mini, Honda S2000, Mazda MX-5 Miata,
Porsche 911, and Volkswagen New Beetle. Because such vehicles represent a small
portion (less than 10 percent) of the passenger car market, yet often have performance,
utility, and/or structural characteristics that could make it technologically infeasible
and/or economically impracticable for manufacturers focusing on such vehicles to
achieve the very challenging average requirements that could apply in the absence of a
constraint, NHTSA is again proposing to cut off the sloped portion of the passenger car
function at 41 square feet, consistent with the MY's 2012-2016 rulemaking. NHTSA
recognizes that for manufacturers who make small vehicles in this size range, putting the
cutpoint at 41 square feet creates some incentive to downsize (i.e., further reduce the size,
and/or increase the production of models currently smaller than 41 square feet) to make it
easier to meet the target. Putting the cutpoint here may also create the incentive for
manufacturers who do not currently offer such models to do so in the future. However, at
the same time, the agencies believe that there is a limit to the market for cars smaller than
41 square feet -- most consumers likely have some minimum expectation about interior
volume, among other things. NHTSA thus believes that the number of consumers who
will want vehicles smaller than 41 square feet (regardless of how they are priced) is
small, and that the incentive to downsize to less than 41 square feet in response to this
proposal, if present, will be at best minimal. On the other hand, NHTSA notes that some
manufacturers are introducing smaller cars not reflected in the agencies MY 2008-based
market forecast, such as the Fiat 500, to the U.S. market, and that the footprint at which
the curve is limited may affect the incentive for manufacturers to do so.
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Above 56 square feet, the only passenger car models present in the MY 2008 fleet were
four luxury vehicles with extremely low sales volumes—the Bentley Arnage and three
versions of the Rolls Royce Phantom. As in the MYs 2012-2016 rulemaking, NHTSA is
therefore proposing again to cut off the sloped portion of the passenger car function at 56
square feet.

While meeting with manufacturers prior to issuing this proposal, the agencies received
comments from some manufacturers that, combined with slope and overall stringency,
using 41 square feet as the footprint at which to cap the target for small cars would result
in unduly challenging targets for small cars. NHTSA does not agree. No specific vehicle
need meet its target (because standards apply to fleet average performance), and
maintaining a sloped function toward the smaller end of the passenger car market is
important to discourage unsafe downsizing, the agencies are thus proposing to again “cut
off” the passenger car curve at 41 square feet, notwithstanding these comments.

NHTSA seeks comment on setting cutpoints for the MY's 2017-2025 passenger car
curves at 41 square feet and 56 square feet.

The light truck fleet upon which the agencies have based the target curves for MYs 2017-
2025, like the passenger car fleet, is derived from MY 2008 data, as also discussed above.
In MY 2008, light truck footprints ranged from 41.0 square feet for the Jeep Wrangler, to
77.5 square feet for the Toyota Tundra. NHTSA is proposing to cut off the sloped
portion of the light truck function at the same footprint, 41 square feet, although we
recognize that no light trucks are currently offered below 41 square feet. With regard to
the other cutpoint, NHTSA heard from a number of manufacturers during the discussions
leading up to this proposal that the location of the cutpoint in the MYs 2012-2016 rules,
66 square feet, meant that the same standard applied to all light trucks with footprints of
66 square feet or greater, and that in fact the targets for the largest light trucks in the later
years of that rulemaking were extremely challenging. Those manufacturers requested
that NHTSA and EPA extend the cutpoint to a larger footprint, to reduce targets for the
largest light trucks which represent a significant percentage of those manufacturers light
truck sales. At the same time, in re-examining the light truck fleet data, the agencies
concluded that aggregating pickup truck models in the MY's 2012-2016 rule had led the
agencies to underestimate the impact of the different pickup truck model configurations
above 66 square feet on manufacturers’ fleet average fuel economy levels (as discussed
immediately below). In disaggregating the pickup truck model data, the impact of setting
the cutpoint at 66 square feet after model year 2016 became clearer to the agencies.

In NHTSA’s view, there is legitimate basis for these comments. NHTSA’s market
forecast includes about 24 vehicle configurations above 74 square feet with a total
volume of about 50,000 vehicles or less during any MY in the 2017-2025 time frame.
While a relatively small portion of the overall truck fleet, for some manufacturers, these
vehicles are non-trivial portion of sales. As noted above, the very largest light trucks
have significant load-carrying and towing capabilities that make it particularly
challenging for manufacturers to add fuel economy-improving technologies in a way that
maintains the full functionality of those capabilities.
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Considering manufacturer CBI and our estimates of the impact of the 66 square foot
cutpoint for future model years, NHTSA has initially determined to adopt curves that
transition to a different cut point. While noting that no specific vehicle need meet its
target (because standards apply to fleet average performance), we believe that the
information provided to us by manufacturers and our own analysis supports the gradual
extension of the cutpoint for large light trucks in this proposal from 66 square feet in MY
2016 out to a larger footprint square feet before MY 2025.
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Figure V-10 — Footprint Distribution by Car and Truck*
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NHTSA is proposing to phase in the higher cutpoint for the truck curve in order to avoid
any backsliding from the MY 2016 standard. A target that is feasible in one model year
should never become less feasible in a subsequent model year—manufacturers should
have no reason to remove fuel economy-improving technology from a vehicle once it has
been applied. Put another way, the agencies are proposing to disallow “curve crossing”
from one model year to the next. In proposing MYs 2011-2015 CAFE standards and
promulgating MY 2011 standards, NHTSA proposed and requested comment on
avoiding curve crossing, as an “anti-backsliding measure.”®’ The MY 2016 2-cycle test
curves are therefore a floor in this proposal for the MYs 2017-2025 curves. The effect of
making the MY 2016 curves a minimum level of stringency for the currently-proposed
curves essentially affects only the light truck curves due to the proposed changes in slope
and cut point for the truck curve relative to the MY 2016 truck curve. For passenger cars,
which have minimal change in slope from the MY 2012-2016 rulemaking and no change
in cut points, there are no curve crossing issues in the proposed standards.

The minimum stringency determination was done using the 2-cycle curves. Stringency
adjustments for air conditioning and other credits were calculated after curves that did not
cross were determined in 2-cycle space. The year-over-year increase in these
adjustments do not cause the CAFE curves (with A/C) to contact the 2016 curve when
charted.

% 74 Fed. Reg. at 14370 (Mar. 30, 2009).
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The curves discussed above all reflect the addition of technology to individual vehicle
models to reduce technology differences between vehicle models before fitting curves.
This application of technology was conducted not to directly determine the proposed
standards, but rather to reduce technological heterogeneity before performing statistical
analysis, and set aside considerations regarding potential rates of application (i.e., phase-
in caps), and considerations regarding economic implications of applying specific
technologies to specific vehicle models. The following paragraphs describe further
adjustments to the curves discussed above that affect both the shape of the curve and the
location of the curve, and that helped NHTSA determine curves that defined the proposed
standards.

As in the MYs 2012-2016 rules, NHTSA developed curves defining regulatory
alternatives for consideration by “shifting” these curves. For the MYs 2012-2016 rules,
the agency did so on an absolute basis, offsetting the fitted curve by the same value (in
gpm) at all footprints. In developing this proposal, NHTSA has reconsidered the use of
this approach, and has concluded that after MY 2016, curves should be offset on a
relative basis—that is, by adjusting the entire gpm-based curve by the same percentage
rather than the same absolute value. The agencies’ estimates of the effectiveness of these
technologies are all expressed in relative terms—that is, each technology (with the
exception of A/C) is estimated to reduce fuel consumption (the inverse of fuel economy)
by a specific percentage of fuel consumption without the technology. It is, therefore,
more consistent with the agencies’ estimates of technology effectiveness to develop the
proposed standards and regulatory alternatives by applying a proportional offset to curves
expressing fuel consumption as a function of footprint. In addition, extended indefinitely
(and without other compensating adjustments), an absolute offset would eventually (i.e.,
at very high average stringencies) produce negative gpm targets. Relative offsets avoid
this potential outcome. Relative offsets do cause curves to become, on a fuel
consumption basis, flatter at greater average stringencies; however, as discussed above,
this outcome remains consistent with the agencies’ estimates of technology effectiveness.
In other words, given a relative decrease in average required fuel consumption, a curve
that is flatter by the same relative amount should be equally challenging in terms of the
potential to achieve compliance through the addition of fuel-saving technology.

On this basis, and considering that the “flattening” occurs gradually for the regulatory
alternatives the agencies have evaluated, NHTSA tentatively concludes that this approach
to offsetting the curves to develop year-by-year regulatory alternatives neither re-creates
a situation in which manufacturers are likely to respond to standards in ways that
compromise highway safety, nor undoes the attribute-based standard’s more equitable
balancing of compliance burdens among disparate manufacturers. NHTSA invites
comment on these conclusions, and on any other means that might avoid the potential
outcomes—in particular, negative fuel consumption targets—discussed above.

The fuel economy values in the agencies’ market forecast are based on the 2-cycle (i.e.,
city and highway) fuel economy test and calculation procedures that do not reflect
potential improvements in air conditioning system efficiency, refrigerant leakage, or
refrigerant Global Warming Potential (GWP). For the CAFE target curves, NHTSA is
proposing for the first time to account for potential improvements in air conditioning
system performance. Recognizing that there are significant and cost effective potential
air conditioning system improvements available in the rulemaking timeframe (discussed
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in detail in Chapter 5 of the TSD), the agencies are increasing the stringency of the target
curves based on the agencies’ assessment of the capability of manufacturers to implement
these changes. For the proposed CAFE standards and alternatives, an offset is included
based on air conditioning system efficiency improvements, as these improvements are the
only improvements that effect vehicle fuel economy. As discussed above in Chapter 5 of
the TSD, the air conditioning system improvements affect a vehicle’s fuel efficiency
emissions performance as an additive stringency increase, as compared to other fuel
efficiency improving technologies that are multiplicative. Therefore, in adjusting target
curves for improvements in the air conditioning system performance, NHTSA is
adjusting the target curves by additive stringency increases (or vertical shifts) in the
curves. NHTSA first uses a multiplicative stringency adjustment for the sloped portion
of the curves to reflect the effectiveness on technologies other that air conditioning
system technologies, creating a series of curve shapes that are “fanned” based on 2-cycle
performance. Then the curves are offset vertically by the air conditioning improvement
by an equal amount at every point.

How does NHTSA use the assumptions in its modeling analysis?

In developing today’s proposed CAFE standards, NHTSA has made significant use of
results produced by the CAFE Compliance and Effects Model (commonly referred to as
“the CAFE Model” or “the Volpe model”’), which DOT’s Volpe National Transportation
Systems Center developed specifically to support NHTSA’s CAFE rulemakings. The
model, which has been constructed specifically for the purpose of analyzing potential
CAFE standards, integrates the following core capabilities:

(1) Estimating how manufacturers could apply technologies in response to new
fuel economy standards,

(2) Estimating the costs that would be incurred in applying these technologies,
(3) Estimating the physical effects resulting from the application of these
technologies, such as changes in travel demand, fuel consumption, and emissions
of carbon dioxide and criteria pollutants, and

(4) Estimating the monetized societal benefits of these physical effects.

An overview of the model follows below. Separate model documentation provides a
detailed explanation of the functions the model performs, the calculations it performs in
doing so, and how to install the model, construct inputs to the model, and interpret the
model’s outputs. Documentation of the model, along with model installation files, source
code, and sample inputs are available at NHTSA’s Web site. The model documentation
is also available in the docket for today’s proposed rule, as are inputs for and outputs
from analysis of today’s proposed CAFE standards.

How does the model operate?

As discussed above, the agency uses the Volpe model to estimate how manufacturers
could attempt to comply with a given CAFE standard by adding technology to fleets that
the agency anticipates they will produce in future model years. This exercise constitutes
a simulation of manufacturers’ decisions regarding compliance with CAFE standards.
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This compliance simulation begins with the following inputs: (a) the baseline and
reference market forecast discussed in Section 11.B of the preamble, Chapter 111 above,
and Chapter 1 of the draft joint TSD, (b) technology-related estimates discussed in
Section 11.D of the preamble, below in this Chapter, and Chapter 3 of the draft joint TSD,
(c) economic inputs discussed in Section I1.E of the preamble, Chapters VII and VIII
below, and Chapter 4 of the draft joint TSD, and (d) inputs defining baseline and
potential new CAFE standards, discussed in Section I1.C of the preamble, and Chapter 2
of the draft joint TSD. For each manufacturer, the model applies technologies in a
sequence that follows a defined engineering logic (“decision trees,” discussed in the MY
2011 final rule and in the model documentation) and a cost-minimizing strategy in order
to identify a set of technologies the manufacturer could apply in response to new CAFE
standards.®® The model applies technologies to each of the projected individual vehicles
in a manufacturer’s fleet, considering the combined effect of regulatory and market
incentives. Depending on how the model is exercised, it will apply technology until one
of the following occurs:

(1) The manufacturer’s fleet achieves compliance® with the applicable standard,
and continuing to add technology in the current model year would be
attractive neither in terms of stand-alone (i.e., absent regulatory need) cost
effectiveness nor in terms of facilitating compliance in future model years;'®

(2) The manufacturer “exhausts™%* available technologies; or

(3) For manufacturers estimated to be willing to pay civil penalties, the

manufacturer reaches the point at which doing so would be more cost-effective

(from the manufacturer’s perspective) than adding further technology.'®

% NHTSA does its best to remain scrupulously neutral in the application of technologies through the
modeling analysis, to avoid picking technology “winners.” The technology application methodology has
been reviewed by the agency over the course of several rulemakings, and commenters have been generally
supportive of the agency’s approach. See, e.g., 74 FR 14238-14246 (Mar. 30, 2009).

% The model has been modified to provide the ability—as an option—to account for credit mechanisms
(i.e., carry-forward, carry-back, transfers, and trades) when determining whether compliance has been
achieved. For purposes of determining maximum feasible CAFE standards, NHTSA cannot consider these
mechanisms, and exercises the CAFE model without enabling these options.

1901 preparation for the MY2012-2016 rulemaking, the model was modified in order to apply additional
technology in early model years if doing so will facilitate compliance in later model years. This is designed
to simulate a manufacturer’s decision to plan for CAFE obligations several years in advance, which
NHTSA believes better replicates manufacturers’ actual behavior as compared to the year-by-year
evaluation which EPCA would otherwise require.

191 In a given model year, the model makes additional technologies available to each vehicle model within
several constraints, including (a) whether or not the technology is applicable to the vehicle model’s
technology class, (b) whether the vehicle is undergoing a redesign or freshening in the given model year,
(c) whether engineering aspects of the vehicle make the technology unavailable (e.g., secondary axle
disconnect cannot be applied to two-wheel drive vehicles), and (d) whether technology application remains
within “phase in caps” constraining the overall share of a manufacturer’s fleet to which the technology can
be added in a given model year. Once enough technology is added to a given manufacturer’s fleet in a
given model year that these constraints make further technology application unavailable, technologies are
“exhausted” for that manufacturer in that model year.

192 This possibility was added to the model to account for the fact that under EPCA/EISA, manufacturers
must pay fines if they do not achieve compliance with applicable CAFE standards. 49 U.S.C. 32912(b).
NHTSA recognizes that some manufacturers will find it more cost-effective to pay fines than to achieve
compliance, and believes that to assume these manufacturers would exhaust available technologies before
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As discussed below, the model has also been modified in order to—as an option—apply
more technology than may be necessary to achieve compliance in a given model year, or
to facilitate compliance in later model years. This ability to simulate “voluntary
overcompliance,” discussed elsewhere in this PRIA as a “market-driven baseline,”
reflects the potential that manufacturers will apply some technologies to some vehicles if
doing so would be sufficiently inexpensive compared to the expected reduction in
owners’ outlays for fuel.

The model accounts explicitly for each model year, applying most technologies when
vehicles are scheduled to be redesigned or freshened, and carrying forward technologies
between model years. The CAFE model accounts explicitly for each model year because
EPCA requires that NHTSA make a year-by-year determination of the appropriate level
of stringency and then set the standard at that level, while ensuring ratable increases in
average fuel economy.’® The multiyear planning capability and (optional) simulation of
“voluntary overcompliance” and EPCA credit mechanisms increase the model’s ability to
simulate manufacturers’ real-world behavior, accounting for the fact that manufacturers
will seek out compliance paths for several model years at a time, while accommodating
the year-by-year requirement.

The model also calculates the costs, effects, and benefits of technologies that it estimates
could be added in response to a given CAFE standard.’® It calculates costs by applying
the cost estimation techniques discussed herein, and by accounting for the number of
affected vehicles. It accounts for effects such as changes in vehicle travel, changes in
fuel consumption, and changes in greenhouse gas and criteria pollutant emissions. It
does so by applying the fuel consumption estimation techniques also discussed herein,
and the vehicle survival and mileage accumulation forecasts, the rebound effect estimate
and the fuel properties and emission factors discussed in Chapter V111 below.
Considering changes in travel demand and fuel consumption, the model estimates the
monetized value of accompanying benefits to society, as also discussed in Chapter V111

paying fines would cause unrealistically high estimates of market penetration of expensive technologies
such as diesel engines and strong hybrid electric vehicles, as well as correspondingly inflated estimates of
both the costs and benefits of any potential CAFE standards. NHTSA thus includes the possibility of
manufacturers choosing to pay fines in its modeling analysis in order to achieve what the agency believes is
a more realistic simulation of manufacturer decision-making. Unlike flex-fuel and other credits, NHTSA is
not barred by statute from considering fine-payment in determining maximum feasible standards under
EPCA/EISA. 49 U.S.C. 32902(h).

103 49 U.S.C. 32902(a) states that at least 18 months before the beginning of each model year, the Secretary
of Transportation shall prescribe by regulation average fuel economy standards for automobiles
manufactured by a manufacturer in that model year, and that each standard shall be the maximum feasible
average fuel economy level that the Secretary decides the manufacturers can achieve in that year. NHTSA
has long interpreted this statutory language to require year-by-year assessment of manufacturer capabilities.
49 U.S.C. 32902(b)(2)(C) also requires that standards increase ratably between MY 2011 and MY 2020.

104 As for all of its other rulemakings, NHTSA is required by Executive Order 12866 (as amended by
Executive Order 13563) and DOT regulations to analyze the costs and benefits of CAFE standards.
Executive Order 12866, 58 FR 51735 (Oct. 4, 1993); DOT Order 2100.5, “Regulatory Policies and
Procedures,” 1979, available at http://regs.dot.gov/rulemakingrequirements.htm (last accessed November
13, 2011).
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below. The model calculates both the undiscounted and discounted value of benefits that
accrue over time in the future.

The Volpe model has other capabilities that facilitate the development of a CAFE
standard. The integration of (a) compliance simulation and (b) the calculation of costs,
effects, and benefits facilitates analysis of sensitivity of results to model inputs. The
model can also be used to evaluate many (e.g., 200 per model year) potential levels of
stringency sequentially, and identify the stringency at which specific criteria are met. For
example, it can identify the stringency at which net benefits to society are maximized, the
stringency at which a specified total cost is reached, or the stringency at which a given
average required fuel economy level is attained. This allows the agency to compare more
easily the impacts in terms of fuel savings, emissions reductions, and costs and benefits
of achieving different levels of stringency according to different criteria. The model can
also be used to perform uncertainty analysis (i.e., Monte Carlo simulation), in which
input estimates are varied randomly according to specified probability distributions, such
that the uncertainty of key measures (e.g., fuel consumption, costs, benefits) can be
evaluated.

Has NHTSA considered other models?

As discussed in the most recent CAFE rulemaking, while nothing in EPCA requires
NHTSA to use the Volpe model, and in principle, NHTSA could perform all of these
tasks through other means, the model’s capabilities have greatly increased the agency’s
ability to rapidly, systematically, and reproducibly conduct key analyses relevant to the
formulation and evaluation of new CAFE standards.'%®

NHTSA notes that the Volpe model not only has been formally peer-reviewed and tested
and reviewed through three rulemakings, but also has some features especially important
for the analysis of CAFE standards under EPCA/EISA. Among these are the ability to
perform year-by-year analysis, and the ability to account for engineering differences
between specific vehicle models.

EPCA requires that NHTSA set CAFE standards for each model year at the level that
would be “maximum feasible” for that year.’® Doing so requires the ability to analyze
each model year and, when developing regulations covering multiple model years, to
account for the interdependency of model years in terms of the appropriate levels of
stringency for each one. Also, as part of the evaluation of the economic practicability of
the standards, as required by EPCA, NHTSA has traditionally assessed the annual costs
and benefits of the standards. In response to comments regarding an early version of the
CAFE model, DOT modified the CAFE model in order to account for dependencies
between model years and to better represent manufacturers’ planning cycles, in a way
that still allowed NHTSA to comply with the statutory requirement to determine the
appropriate level of the standards for each model year.

105 75 FR 25598-25599.



146

The Volpe model is also able to account for important engineering differences between
specific vehicle models, and to thereby reduce the risk of applying technologies that may
be incompatible with or already present on a given vehicle model. By combining
technologies incrementally and on a model-by-model basis, the CAFE model is able to
account for important engineering differences between vehicle models and avoid unlikely
technology combinations

The Volpe model also produces a single vehicle-level output file that, for each vehicle
model, shows which technologies were present at the outset of modeling, which
technologies were superseded by other technologies, and which technologies were
ultimately present at the conclusion of modeling. For each vehicle, the same file shows
resultant changes in vehicle weight, fuel economy, and cost. This provides for efficient
identification, analysis, and correction of errors, a task with which the public can now
assist the agency, since all inputs and outputs are public.

Such considerations, as well as those related to the efficiency with which the Volpe
model is able to analyze attribute-based CAFE standards and changes in vehicle
classification, and to perform higher-level analysis such as stringency estimation (to meet
predetermined criteria), sensitivity analysis, and uncertainty analysis, lead the agency to
conclude that the model remains the best available to the agency for the purposes of
analyzing potential new CAFE standards.

What changes has DOT made to the model?

Between promulgation of the MY 2012-2016 CAFE standards and today’s proposal
regarding MY 2017-2025 standards, the VVolpe model has been revised to make some
minor improvements, and to add some significant new capabilities: (1) accounting for
electricity used to charge electric vehicles (EVs) and plug-in hybrid electric vehicles
(PHEVS), (2) accounting for use of ethanol blends in flexible-fuel vehicles (FFVs), (3)
accounting for costs (i.e., “stranded capital”) related to early replacement of technologies,
(4) accounting for previously-applied technology when determining the extent to which a
manufacturer could expand use of the technology, (5) applying technology-specific
estimates of changes in consumer value, (6) simulating the extent to which manufacturers
might utilize EPCA’s provisions regarding generation and use of CAFE credits, (7)
applying estimates of fuel economy adjustments (and accompanying costs) reflecting
increases in air conditioner efficiency, (8) reporting privately-valued benefits, (9)
simulating the extent to which manufacturers might voluntarily apply technology beyond
levels needed for compliance with CAFE standards, and (10) estimating changes in
highway fatalities attributable to any applied reductions in vehicle mass. These
capabilities are described below, and in greater detail in the CAFE model
documentation.'®’

To support evaluation of the effects electric vehicles (EVs) and plug-in hybrid vehicles
(PHEVs) could have on energy consumption and associated costs and environmental

197 http://www.nhtsa.gov/Laws+&+Regulations/ CAFE +-
+Fuel+Economy/CAFE+Compliance+and+Effects+Modeling+System:+The+Volpe+Model (last accessed:
November 14, 2011)
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effects, DOT has expanded the VVolpe model to estimate the amount of electricity that
would be required to charge these vehicles (accounting for the potential that PHEVs can
also run on gasoline). The model calculates the cost of this electricity, as well as the
accompanying upstream criteria pollutant and greenhouse gas emissions.

Similar to this expansion to account for the potential the PHEVs can be refueled with
gasoline or recharged with electricity, DOT has expanded the VVolpe model to account for
the potential that other flexible-fuel vehicles can be operated on multiple fuels. In
particular, the model can account for ethanol FFVs consuming E85 or gasoline, and to
report consumption of both fuels’, as well as, corresponding costs and upstream
emissions.

Among the concerns raised in the past regarding how technology costs are estimated has
been one that stranded capital costs be considered. Capital becomes “stranded” when
capital equipment is retired or its use is discontinued before the equipment has been fully
depreciated and the equipment still retains some value or usefulness. DOT has modified
the CAFE model to, if specified for a given technology, when that technology is replaced
by a newly applied technology, apply a stream of costs representing the stranded capital
cost of the replaced technology. This cost is in addition to the cost for producing the
newly applied technology in the first year of production.

As documented in prior CAFE rulemakings, the CAFE model applies “phase-in caps” to
constrain technology application at the vehicle manufacturer level. They are intended to
reflect a manufacturer’s overall resource capacity available for implementing new
technologies (such as engineering and development personnel and financial resources),
thereby ensuring that resource capacity is accounted for in the modeling process. This
helps to ensure technological feasibility and economic practicability in determining the
stringency of the standards. When the MY 2012-2016 rulemaking analysis was
completed, the model performed the relevant test by comparing a given phase-in cap to
the amount (i.e., the share of the manufacturer’s fleet) to which the technology had been
added by the model. DOT has since modified the CAFE model to take into account the
extent to which a given manufacturer has already applied the technology (i.e., as reflected
in the market forecast specified as a model inputs), and to apply the relevant test based on
the total application of the technology.

The CAFE model requires inputs defining the technology-specific cost and efficacy (i.e.,
percentage reduction of fuel consumption), and has, to date, effectively assumed that
these input values reflect application of the technology in a manner that holds vehicle
performance and utility constant. Considering that some technologies may, nonetheless,
offer owners greater or lesser value (beyond that related to fuel outlays, which the model
calculates internally based on vehicle fuel type and fuel economy), DOT has modified the
CAFE model to accept and apply technology-specific estimates of any value gain realized
or loss incurred by vehicle purchasers.

198 For example, a value gain could be specified for a technology expected to improve ride quality, and a
value loss could be specified for a technology expected to reduce vehicle range.
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For the MY 2012-2016 CAFE rulemaking analysis, DOT modified the CAFE model to
accommodate specification and accounting for credits a manufacturer is assumed to earn
by producing flexible fuel vehicles (FFVs). Although NHTSA cannot consider such
credits when determining maximum feasible CAFE standards, the agency presented an
analysis that included FFV credits, in order to communicate the extent to which use of
such credits might cause actual costs, effects, and benefits to be lower than estimated in
NHTSA'’s formal analysis. As DOT explained at the time, it was unable to account for
other EPCA credit mechanisms, because attempts to do so had been limited by complex
interactions between those mechanisms and the multiyear planning aspects of the CAFE
model. DOT has since modified the CAFE model to provide the ability to account for
any or all of the following flexibilities provided by EPCA: FFV credits, credit carry-
forward and carry-back (between model years), credit transfers (between passenger car
and light truck fleets), and credit trades (between manufacturers). The model accounts
for EPCA-specified limitations applicable to these flexibilities (e.g., limits on the amount
of credit that can be transferred between passenger car and light truck fleets). These
capabilities in the model provide a basis for more accurately estimating costs, effects, and
benefits that may actually result from new CAFE standards. Insofar as some
manufacturers actually do earn and use CAFE credits, this provides NHTSA with the
ability to examine outcomes more realistically than EPCA allows for purposes of setting
new CAFE standards.

NHTSA is today proposing CAFE standards reflecting EPA’s proposal to change fuel
economy calculation procedures such that a vehicle’s fuel consumption improvement will
be accounted for if the vehicle has technologies that reduce the amount of energy needed
to power the air conditioner. To facilitate analysis of these standards, DOT has modified
the CAFE model to account for these adjustments, based on inputs specifying the average
amount of improvement anticipated, and the estimated average cost to apply the
underlying technology.

Considering that past CAFE rulemakings indicate that most of the benefits of CAFE
standards are realized by vehicle owners, DOT has modified the CAFE model to estimate
not just social benefits, but also private benefits. The model accommodates separate
discount rates for these two valuation methods (e.g., a 3% rate for social benefits with a
7% rate for private benefits). When calculating private benefits, the model includes
changes in outlays for fuel taxes (which, as economic transfers, are excluded from social
benefits) and excludes changes in economic externalities (e.g., monetized criteria
pollutant and greenhouse gas emissions).

Since 2003, the CAFE model (and its predecessors) have provided the ability to estimate
the extent to which a manufacturer with a history of paying civil penalties allowed under
EPCA might decide to add some fuel-saving technology, but not enough to comply with
CAFE standards. In simulating this decision-making, the model considers the cost to add
the technology, the calculated reduction in civil penalties, and the calculated present
value (at the time of vehicle purchase) of the change in fuel outlays over a specified
“payback period” (e.g., 5 years). For a manufacturer assumed to be willing to pay civil
penalties, the model stops adding technology once paying fines becomes more attractive
than continuing to add technology, considering these three factors. As an extension of
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this simulation approach, DOT has modified the CAFE model to, if specified, simulate
the potential that a manufacturer would add more technology than required for purposes
of compliance with CAFE standards. When set to operate in this manner, the model will
continue to apply technology to a manufacturer’s CAFE-compliant fleet until applying
further technology will incur more in cost than it will yield in calculated fuel savings over
a specified “payback period” that is set separately from the payback period applicable
until compliance is achieved. In its analysis supporting MY 2012-2016 standards
adopted in 2010, NHTSA estimated the extent to which reductions in vehicle mass might
lead to changes in the number of highway fatalities occurring over the useful life of the
MY 2012-2016 fleet. NHTSA performed these calculations outside the CAFE model
(using vehicle-specific mass reduction calculations from the model), based on agency
analysis of relevant highway safety data. DOT has since modified the CAFE model to
perform these calculations, using an analytical structure indicated by an update to the
underlying safety analysis. The model also applies an input value indicating the
economic value of a statistical life, and includes resultant benefits (or disbenefits) in the
calculation of total social benefits.

In comments on recent NHTSA rulemakings, some reviewers have suggested that the
Volpe model should be modified to estimate the extent to which new CAFE standards
would induce changes in the prices of vehicles and therefore in the mix of vehicles in the
new vehicle fleet. NHTSA agrees that a “market share” model, also called a consumer
vehicle choice model, could provide useful information regarding the possible effects of
potential new CAFE standards.

In response, NHTSA has contracted with GRA, Incorporated and the Brookings
Institution to develop a vehicle choice model estimated at the vehicle configuration level
that can be implemented as part of DOT’s CAFE model. Also included in this contract
are researchers based at the University of California — Davis and the University of
California — Irvine. The Brookings-led researchers are utilizing data found in the
National Household Transportation Survey to estimate realistic patterns of vehicle
substitution and deferral of new vehicle purchases in response to changes in vehicle
attributes, such as prices and fuel efficiency, which are caused by increases or decreases
in the CAFE standards.

As discussed Section B.6 of Chapter V of the FRIA for MYs 2012-2016, past efforts by
DOT staff demonstrated that a vehicle choice module could be added to the CAFE
model, but previous efforts did not yield credible coefficients when specifying and
estimating such a model. If a suitable and credibly calibrated vehicle choice model
becomes available in time—whether through the Brookings-led research or from other
sources—DOT may consider integrating a vehicle choice model into the CAFE model for
the final rule or for subsequent rulemakings.

The results of the vehicle choice model developed in this study will be reviewed and
evaluated in light of those from similar models described in published research, and their
collective implications for vehicle buyers’ valuation of fuel economy, performance, size,
utility, and other vehicle attributes will be assessed. This assessment will then be
integrated with a representation of vehicle manufacturers’ behavior in response to a
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proposed fuel economy regulation drawn from the Volpe CAFE Compliance and Effects
Modeling System. This integrated representation of new vehicle demand and supply will
then be used to analyze the economic impacts of fuel economy regulations and other
policies to reduce fuel consumption on vehicle buyers and owners, manufacturers, and
the U.S. economy.

NHTSA anticipates this integration of a vehicle choice model would be structurally and
operationally similar to the integration we implemented previously. As under the version
applied in support of today’s announcement, the CAFE model would begin with an
agency-estimated market forecast, estimate to what extent manufacturers might apply
additional fuel-saving technology to each vehicle model in consideration of future fuel
prices and baseline or alternative CAFE standards and fuel prices, and calculate resultant
changes in the fuel economy (and possibly fuel type) and price of individual vehicle
models. With an integrated market share model, the CAFE model would then estimate
how the sales volumes of individual vehicle models would change in response to changes
in fuel economy levels and prices throughout the light vehicle market, possibly taking
into account interactions with the used vehicle market. Having done so, the model would
replace the sales estimates in the original market forecast with those reflecting these
model-estimated shifts, repeating the entire modeling cycle until converging on a stable
solution.

Based on past experience, we anticipate that this recursive simulation will be necessary to
ensure consistency between sales volumes and modeled fuel economy standards, because
achieved CAFE levels depend on sales mix and, under attribute-based CAFE standards,
required CAFE levels also depend on sales mix. NHTSA anticipates, therefore, that
application of a market share model would impact estimates of all of the following for a
given schedule of CAFE standards: overall market volume, manufacturer market shares
and product mix, required and achieved CAFE levels, technology application rates and
corresponding incurred costs, fuel consumption, greenhouse gas and criteria pollutant
emissions, changes in highway fatalities, and other economic benefits and/or costs.

Past testing by DOT/NHTSA staff did not indicate major shifts in broad measures (e.g.,
in total costs or total benefits), but that testing emphasized shorter modeling periods (e.g.,
1-5 model years) and less stringent standards than reflected in today’s proposal.
Especially without knowing the characteristics of a future vehicle choice model, it is
difficult to anticipate the potential degree to which its inclusion would impact analytical
outcomes.

NHTSA invites comment on the above changes to the CAFE model. The agency’s
consideration of any alternative approaches will be facilitated by specific
recommendations regarding implementation within the model’s overall structure.
NHTSA also invites comment regarding above-mentioned prospects for inclusion of a
vehicle choice model. The agency’s consideration will be facilitated by specific
information demonstrating that inclusion of such a model would lead to more realistic
estimates of costs, effects, and benefits, or that inclusion of such a model would lead to
less realistic estimates.



151

Does the model set the standards?

Since NHTSA began using the VVolpe model in CAFE analysis, some commenters have
interpreted the agency’s use of the model as the way by which the agency chooses the
maximum feasible fuel economy standards. As the agency explained in its most recent
CAFE rulemaking, this is incorrect.'® Although NHTSA currently uses the Volpe model
as a tool to inform its consideration of potential CAFE standards, the VVolpe model does
not determine the CAFE standards that NHTSA proposes or promulgates as final
regulations. The results it produces are completely dependent on inputs selected by
NHTSA, based on the best available information and data available in the agency’s
estimation at the time standards are set. Ultimately, NHTSA’s selection of appropriate
CAFE standards is governed and guided by the statutory requirements of EPCA, as
amended by EISA: NHTSA sets the standard at the maximum feasible average fuel
economy level that it determines is achievable during a particular model year,
considering technological feasibility, economic practicability, the effect of other
standards of the Government on fuel economy, and the need of the nation to conserve
energy.

How does NHTSA make the model available and transparent?

Model documentation, which is publicly available in the rulemaking docket and on
NHTSA'’s website, explains how the model is installed, how the model inputs (all of
which are available to the public)''® and outputs are structured, and how the model is
used. The model can be used on any Windows-based personal computer with Microsoft
Office 2003 or 2007 and the Microsoft .NET framework installed (the latter available
without charge from Microsoft). The executable version of the model and the underlying
source code are also available at NHTSA’s Web site. The input files used to conduct the
core analysis documented in this proposed rule are available in the public docket. With
the model and these input files, anyone is capable of independently running the model to
repeat, evaluate, and/or modify the agency’s analysis.

Because the model is available with unrestricted access on NHTSA’s web site, the
agency has no way of knowing how widely the model has been used. The agency is,
however, aware that the model has been used by other federal agencies, vehicle
manufacturers, private consultants, academic researchers, and foreign governments.
Some of these individuals have found the model complex and challenging to use. Insofar
as the model’s sole purpose is to help DOT staff efficiently analyze potential CAFE
standards, DOT has not expended significant resources trying to make the model as “user
friendly” as commercial software intended for wide use. However, DOT wishes to
facilitate informed comment on the proposed standards, and encourages reviewers to
contact the agency promptly if any difficulties using the model are encountered.

NHTSA arranged for a formal peer review of an older version of the model, has
responded to reviewers’ comments, and has considered and responded to model-related

199 75 FR 25600.
119 \We note, however, that files from any supplemental analysis conducted that relied in part on confidential
manufacturer product plans cannot be made public, as prohibited under 49 CFR part 512.
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comments received over the course of four CAFE rulemakings. In the agency’s view,
this steady and expanding outside review over the course of nearly a decade of model
development has helped DOT to significantly strengthen the model’s capabilities and
technical quality, and has greatly increased transparency, such that all model code is
publicly available, and all model inputs and outputs are publicly available in a form that
should allow reviewers to reproduce the agency’s analysis. NHTSA is currently
preparing arrangements for a formal peer review of the current CAFE model. Depending
on the schedule for that review, DOT will consider possible model revisions and, as
feasible, attempt to make any appropriate revisions before performing analysis supporting
final CAFE standards for MY 2017 and beyond.

How does NHTSA determine a technology path to compliance with alternative
CAFE standards?

The agency assumes, in this analysis, that manufacturers will add a variety of
technologies to each of their vehicle models in order to improve their fuel economy
performance. In order to evaluate proposed CAFE standards and regulatory alternatives,
it is essential to understand what is feasible within the timeframe of the proposed rule.
Determining the technological feasibility of proposed 2017-2025 standards requires a
thorough study of the technologies expected to be available to the manufacturers during
that timeframe. This chapter includes an assessment of the cost, effectiveness, and the
availability, development time and manufacturability of the technology within either the
normal redesign periods of a vehicle line or in the design of a new vehicle. As we
describe below, when a technology can be applied can affect the cost as well as the
technology penetration rate (or phase-in caps) that are assumed in the analysis. This
chapter will also offer a detailed explanation of how NHTSA applies technologies to
determine a feasible compliance path for the industry for the Preferred Alternative and
the other regulatory alternatives analyzed by the agency in this rulemaking.

The agency considered technologies in many categories that manufacturers could use to
improve the fuel economy of their vehicles during the MY's 2017-2025 timeframe. Many
of the technologies described in this chapter are available today, are well known, and
could be incorporated into vehicles once product development decisions are made. These
are “nearer-term” technologies and are identical or very similar to those considered in the
MY 2012-2016 final rule analysis (of course, many of these technologies will likely be
applied to the light-duty fleet in order to achieve the 2012-2016 CAFE standards; such
technologies would be part of the baseline fleet for this analysis''!). Other technologies
considered may not currently be in production, but are under development now and are
expected to be in production in the next five to ten years. Examples of these technologies
are downsized and turbocharged engines operating at combustion pressures even higher
than today’s turbocharged engines, and an emerging hybrid architecture mated with an 8
speed transmission—a combination that is not available today. These are technologies
which the agency believes can, for the most part, be applied both to cars and trucks, and
which are expected to achieve significant improvements in fuel economy at reasonable
costs in the MYs 2017 to 2025 timeframe. The agency notes that we did not consider in

11 The technologies in the baseline fleet, which meets the MY 2016 CAFE standard, are projections made
by NHTSA’s CAFE model. Some technologies may be significantly represented in this baseline fleet.
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our analysis technologies that are currently in an initial stage of research because of the
uncertainties involved in estimating their costs and effectiveness and in assessing whether
the technologies will be ready to implement at significant penetration rates during the
timeframe of this proposal. Examples of such technologies would be camless valve
actuation and fuel cell vehicles."'? The agency acknowledges that due to the relatively
long period between the date of this proposal and the rulemaking timeframe, the
possibility exists that new and innovative technologies not considered in this analysis will
make their way into the fleet (perhaps even in significant numbers). The agency plans to
re-assess these technologies, along with all of the technologies considered in this
proposal, as part of our mid-term evaluation.

How does NHTSA determine what technologies are already in the baseline vehicle
fleet?

As in the MY 2012-2016 final rule, EPA in consultation with NHTSA developed the
baseline fleet using the 2008 CAFE compliance data. The agencies then used EPA’s
emission certification and fuel economy database and a combination of publicly available
data from sources like Ward’s Automotive Group, Motortrend.com and Edmunds.com to
determine the fuel-economy-improving/CO,-reducing technologies already present in the
individual baseline vehicles. The baseline fleet including the technologies already
present on each vehicle is contained in the market data file model input. A more detailed
discussion of how the baseline vehicle fleet was constructed can be found in Chapter IlI
of this document and Chapter 1 of the draft joint TSD.

How does NHTSA determine what technologies can be applied beyond those in the
baseline vehicle fleet?

As discussed above, many of the technologies considered for the MY 2017-2025
timeframe are the same ones considered for the MY 2012-2026 rulemaking, which are
available in varying degrees today and which the agency will be able to be incorporated
more fully throughout the fleet between now and 2025. NHTSA, with EPA, gathered
information about these technologies for the 2012-2016 rulemaking from a wide variety
of sources, discussed at length in the FRIA accompanying the 2012-2016 final rule. We
refer readers to that document for more information.

Since the MY 2012-2016 final rule, EPA has contracted with Ricardo and expanded the
technology selections available for the agencies’ consideration, based on some of
Ricardo’s advanced engineering development work for EPA and on some recently-
obtained literature sources, such as the development of Lotus Sabre**® engine and
MAHLE™* engine. Based on this research, the agencies are considering significantly

2 Fyel cell vehicles may be especially useful in lieu of full battery electric technology for the larger trucks.
We may consider this possibility for the final rule.

3 Turner, JW.G., R.J. Pearson, R. Curtis, and B. Holland, Lotus Engineering. “Sabre: a cost-effective
engine technology combination for high efficiency, high performance and low CO, emissions.” Available
at http://www.midlandslotus.co.uk/forum/topic/35578-sabre-a-cost-effective-engine-technology-
combination-for-high-efficie/ (last accessed Oct. 31, 2011).

14 Brazer, N., H. Blaxhill, G. Lumsden, and M. Bassett, Mahle Powertrain. “Challenges for Increased
Efficiency through Gasoline Engine Downsizing,” SAE Paper 2009-01-1053. Available at
http://papers.sae.org/2009-01-1053/ (last accessed Oct. 31, 2011).
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more advanced gasoline engines for MY's 2017-2025 than we have considered for prior
rulemakings. Ricardo also performed simulation analysis for EPA which the agencies
have used to update the effectiveness for a majority of the technologies considered in this
NPRM analysis. Detailed information for Ricardo’s contract and body of work
supporting this rulemaking can be found in Docket NHTSA-2010-0131.

For the reader’s reference, the technologies considered by the NHTSA and EPA models
for this NPRM are briefly described below. For purposes of how NHTSA applies them
in our model, the technologies fit generally into five broad categories: engine,
transmission, vehicle, electrification/accessory, and hybrid technologies. A more detailed
description of each technology, and the costs and effectiveness of each, is described in
greater detail below in this chapter; Chapter 3 of the draft joint TSD also contains
information on the individual technologies. Types of engine technologies applied in the
analysis for this NPRM that improve fuel economy include the following:

e Low-friction lubricants (LUB1) — low viscosity and advanced low friction
lubricants oils are now available with improved performance and better
lubrication.

e Reduction of engine friction losses (EFR1) — can be achieved through low-tension
piston rings, roller cam followers, improved material coatings, more optimal
thermal management, piston surface treatments, and other improvements in the
design of engine components and subsystems that improve engine operation.

e Second level of low-friction lubricants and engine friction reduction
(LUB2_EFR2) — As technologies advance between now and 2017-2025, we
expect further developments enabling lower viscosity and lower friction
lubricants and more engine friction reduction technologies to be available.

e Cylinder deactivation (DEACS and DEACD) — deactivates the intake and exhaust
valves and prevents fuel injection into some cylinders during light-load operation.
The engine runs temporarily as though it were a smaller engine, which
substantially reduces pumping losses.

e Variable valve timing (CCPS, ICP and DCP) — alters the timing or phase of the
intake valve, exhaust valve, or both, primarily to reduce pumping losses, increase
specific power, and control residual gases.

o Discrete variable valve lift (DVVLS, DVVLD and VVA) — increases efficiency
by optimizing air flow over a broader range of engine operation, which reduces
pumping losses. Accomplished by controlled switching between two or more
cam profile lobe heights.

e Continuous variable valve lift (CVVL) — is an electromechanically controlled
system in which cam period and phasing is changed as lift height is controlled.
This yields a wide range of performance optimization and volumetric efficiency,
including enabling the engine to be valve throttled.

e Stoichiometric gasoline direct-injection technology (SGDI and SGDIO) — injects
fuel at high pressure directly into the combustion chamber to improve cooling of
the air/fuel charge within the cylinder, which allows for higher compression ratios
and increased thermodynamic efficiency.

e Turbocharging and downsizing (TRBDS1 and TRBDS2) - increases the available
airflow and specific power level, allowing a reduced engine size while
maintaining performance. This reduces pumping losses at lighter loads in
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comparison to a larger engine. In this NPRM, the agencies considered three levels
of boosting (18 bar brake mean effective pressure (BMEP), 24 bar BMEP and 27
bar BMEP), as well as four levels of downsizing (from 14 to smaller 14 or 13, from
V6 to 14 and from V8 to both V6 and 14). 18 bar BMEP is applied with 33 percent
downsizing, 24 bar BMEP is applied with 50 percent downsizing, and 27 bar
BMEP is applied with 56 percent downsizing. To achieve the same level of
torque when downsizing the displacement of an engine by 50 percent,
approximately double the manifold absolute pressure (2 bar) is required.
Accordingly, with 56 percent downsizing, the manifold absolute pressure range
increases up to 2.3 bar. Ricardo states in their 2011 vehicle simulation project
report that advanced engines in the 2020-2025 timeframe can be expected to have
advziﬂ_)ced boosting systems that increase the pressure of the intake charge up to 3
bar.

Exhaust-gas recirculation boost (CEGR1 and CEGR?2) - increases the exhaust-gas
recirculation used in the combustion process to increase thermal efficiency and
reduce pumping losses. Levels of exhaust gas recirculation approach 25 percent
by volume in the highly boosted engines modeled by Ricardo (this, in turn raises
the boost requirement by approximately 25 percent). This technology is only
applied to 24 bar and 27 bar BMEP engines in this NPRM and considered
required for 27 bar BMEP engines.

Diesel engines (ADSL) — have several characteristics that give superior fuel
efficiency, including reduced pumping losses due to lack of (or greatly reduced)
throttling, and a combustion cycle that operates at a higher compression ratio,
with a very lean air/fuel mixture, than an equivalent-performance gasoline engine.
This technology requires additional enablers, such as NOy trap catalyst after-
treatment or selective catalytic reduction NOy after-treatment.

Types of transmission technologies applied in this NPRM analysis:

Improved automatic transmission controls (IATC) — optimizes shift schedule to
maximize fuel efficiency under wide ranging conditions, and minimizes losses
associated with torque converter slip through lock-up or modulation.

Six- and seven-speed automatic transmissions (NAUTO) — the gear ratio spacing
and transmission ratio are optimized to enable the engine to operate in a more
efficient operating range over a broader range of vehicle operating conditions.
Dual clutch transmission (DCT) - are similar to a manual transmission, but the
vehicle controls shifting and launch functions. A dual-clutch automated shift
manual transmission uses separate clutches for even-numbered and odd-numbered
gears, so the next expected gear is pre-selected, which allows for faster, smoother
shifting.

Eight-speed automatic transmissions (8SPD) — the transmission gear ratios are
optimized to enable the engine to operate in a more efficient operating range over
a broader range of vehicle operating conditions.

High Efficiency Gearbox (automatic, DCT or manual) (HETRANS and
HETRANSM) — continuous improvement in seals, bearings and clutches, super

5 U.S. EPA, “Project Report: Computer Simulation of Light-Duty Vehicle Technologies for Greenhouse
Gas Emission Reduction in the 2020-2025 Timeframe”, Contract No. EP-C-11-007, Work Assignment 0-
12, November, 2011, Docket ID NHTSA-2010-0131
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finishing''® of gearbox parts, and development in the area of transmission

lubrication, all aimed at reducing frictional and other parasitic load in the system
for an automatic, DCT or manual type transmission.

Shift Optimization (SHFTOPT) — tries to keep the engine operating near its most
efficient point for a give power demand. The shift controller attempts to emulate a
traditional CVT by selecting the best gear ratio for fuel economy at a given
required vehicle power level to take full advantage of high BMEP engines.
Manual 6-speed transmission (6MAN) — offers an additional gear ratio, often with
a higher overdrive gear ratio, than a 5-speed manual transmission.

High Efficiency Gearbox for manual transmission (HETRANSM) — Similar
technologies as applied for high efficiency gearbox for automatic and DCT can
also be applied to manual transmissions to reduce drag in the system.

Types of vehicle technologies applied in this NPRM analysis:

Low-rolling-resistance tires (ROLL1 and ROLL?2) — have characteristics that
reduce frictional losses associated with the energy dissipated in the deformation
of the tires under load, therefore reducing the energy needed to move the vehicle.
There are two levels of rolling resistance reduction considered in this NRPM
analysis which assume 10 percent and 20 percent rolling resistance reduction,
respectively. The agencies expect that tire manufacturers will be able to achieve
widespread, production application of the 20 percent rolling resistance reduction
level in time for MY 2017 and later.

Low-drag brakes (LDB) — reduce the sliding friction of disc brake pads on rotors
when the brakes are not engaged because the brake pads are pulled away from the
rotors.

Front or secondary axle disconnect for four-wheel drive systems (SAX) — provides
a torque distribution disconnect between front and rear axles when torque is not
required for the non-driving axle, which reduces associated parasitic energy
losses.

Aerodynamic drag reduction (AERO1 and AERO?2) — is achieved by changing
vehicle shape or reducing frontal area, including skirts, air dams, underbody
covers, and more aerodynamic side view mirrors. The new, second level of
aerodynamic reductions involve employing aerodynamic aids which may include
such features as active grille shutters, rear visors, larger under body panels or low-
profile, and possibly dynamic, roof racks. There are two levels of aerodynamic
drag reduction considered in this NPRM analysis which assume 10 percent and 20
percent drag reduction, respectively.

Mass reduction (MR1, MR2, MR3, MR4 and MR5)— Mass reduction encompasses
a variety of techniques to make vehicles lighter, ranging from improved design
and better component integration to application of lighter and higher-strength
materials. A lighter vehicle can go further on a gallon of gas, all else equal; mass
reduction can also lead to collateral fuel economy benefits due to downsized
engines and/or ancillary systems (transmission, steering, brakes, suspension, etc.).

16 «Super finishing” is a metalworking process that improves surface finish and workpiece geometry.
Super finishing can make pieces more durable and allow for closer tolerances, higher load bearing surfaces,
and better sealing capabilities, but it can also be more expensive than traditional metal finishing techniques.
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The maximum mass reduction level considered in this NPRM for any vehicle is
20 percent.

Types of accessory/hybridization/electrification technologies applied in this NPRM
analysis:

Electric power steering (EPS) and electro-hydraulic power steering (EHPS) — is
an electrically-assisted steering system that has advantages over traditional
hydraulic power steering because it replaces a continuously operated hydraulic
pump and only operates when needed, thereby reducing parasitic losses from the
accessory drive.

Improved accessories (IACC1 and IACC2) —There are two levels of IACC applied
in this NPRM analysis. The first level of IACC includes an electric water pump
and cooling fans and a high efficiency alternator; the second level of IACC
includes some mild alternator regenerative braking in addition to what is included
in the first level of IACC. This excludes other electrical accessories such as
electric oil pumps and electrically driven air conditioner compressors.

Air Conditioner Systems — For purposes of improvements in fuel economy that
can count toward CAFE compliance, these technologies include improved
compressors, expansion valves, heat exchangers and the control of these
components for the purposes of improving fuel efficiency when the A/C is
operating. These technologies are not modeled as part of the analysis for this
NPRM, but NHTSA may include them in the modeling for the final rule. They
are covered separately in Chapter 5 of the draft joint TSD.

12-volt Stop-Start (MHEV) — also known as idle-stop or 12V micro hybrid and
commonly implemented as a 12-volt belt-driven integrated starter-generator, this
is the most basic hybrid system that facilitates idle-stop capability. Along with
other enablers, this system replaces a common alternator with an enhanced power
starter-alternator, both belt driven, and a revised accessory drive system.

P2 Hybrid (SHEV1 and SHEV2) —a newly emerging hybrid technology that uses a
transmission integrated electric motor placed between the engine and a gearbox or
CVT, much like the IMA system described below except with a wet or dry
separation clutch which is used to decouple the motor/transmission from the
engine. Engaging the clutch allows all-electric operation and more efficient
brake-energy recovery. Disengaging the clutch allows efficient coupling of the
engine and electric motor and, when combined with a DCT transmission, reduces
gear-train losses relative to power-split or 2-mode hybrid systems. In addition, a
P2 Hybrid would typically be equipped with a larger electric machine, as
compared to an IMA system.

Plug-in hybrid electric vehicles (PHEV1 and PHEV?2) — are hybrid electric
vehicles with the means to charge their battery packs from an outside source of
electricity (such as the electric grid), as well as a gasoline engine. These vehicles
have larger battery packs with more energy storage and a greater capability to be
discharged. They also use a control system that allows the battery pack to be
substantially depleted under electric-only or blended mechanical/electric
operation.

Electric vehicles (EV1, EV2, EV3 and EV4) — are vehicles with all-electric drive
and with vehicle systems powered by energy-optimized batteries charged from
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grid electricity and regenerative braking. EVs with 75 mile and 150 mile ranges
have been included in the modeling for this NPRM and PRIA as potential
technologies.

Types of accessory/hybridization/electrification technologies discussed but not
applied in this NPRM analysis, for a variety of reasons, include:

Higher Voltage Stop-Start/Belt Integrated Starter Generator (BISG) — sometimes
referred to as a mild hybrid, BISG provides idle-stop capability and uses a high
voltage battery with increased energy capacity over typical automotive batteries.
The higher system voltage allows the use of a smaller, more powerful electric
motor and reduces the weight of the motor, inverter, and battery wiring harnesses.
This system replaces a standard alternator with an enhanced power, higher
voltage, higher efficiency starter-alternator, that is belt driven and that can recover
braking energy while the vehicle slows down (regenerative braking). This
technology is not used as an enabling technology in this NPRM analysis because
the agencies used the more cost effective P2 strong hybrid technology.

Integrated Motor Assist (IMA)/Crank integrated starter generator (CISG) —
provides idle-stop capability and uses a high voltage battery with increased
energy capacity over typical automotive batteries. The higher system voltage
allows the use of a smaller, more powerful electric motor and reduces the weight
of the wiring harness. This system replaces a standard alternator with an
enhanced power, higher voltage and higher efficiency starter-alternator that is
crankshaft mounted and can recover braking energy while the vehicle slows down
(regenerative braking). The IMA technology is not included as an enabling
technology in this analysis, because the agencies applied the more cost effective
P2 strong hybrid technology, although it is included as a baseline technology
because it exists in the 2008 baseline fleet.

Power-split Hybrid (PSHEV) — is a hybrid electric drive system that replaces the
traditional transmission with a single planetary gearset and a motor/generator.
This motor/generator uses the engine to either charge the battery or supply
additional power to the drive motor. A second, more powerful motor/generator is
permanently connected to the vehicle’s final drive and always turns with the
wheels. The planetary gear splits engine power between the first motor/generator
and the drive motor to either charge the battery or supply power to the wheels.
The power-split hybrid technology is not included as an enabling technology in
this analysis, because the agencies applied the more cost effective P2 strong
hybrid technology, although it is included as a baseline technology because it
exists in the 2008 baseline fleet.

2-Mode Hybrid (2MHEV) — is a hybrid electric drive system that uses an
adaptation of a conventional stepped-ratio automatic transmission by replacing
some of the transmission clutches with two electric motors that control the ratio of
engine speed to vehicle speed, while clutches allow the motors to be bypassed.
This improves both the transmission torque capacity for heavy-duty applications
and reduces fuel consumption at highway speeds relative to other types of hybrid
electric drive systems. The 2-mode hybrid technology is not included as an
enabling technology in this analysis, because the agencies applied the more cost
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effective P2 strong hybrid technology, although it is included as a baseline
technology because it exists in the 2008 baseline fleet.

What does NHTSA then do with those technologies? We apply them to vehicles
using the CAFE model.

As in the MYs 2012-2016 final rule, each technology is assigned to one of the five
following categories based on the system it affects or impacts: engine, transmission,
electrification/accessory, hybrid or vehicle. Each of these categories has its own decision
tree that the CAFE model uses to apply technologies sequentially during the compliance
analysis. The decision trees were designed and configured to allow the CAFE model to
apply technologies in a cost-effective, logical order that also considers ease of
implementation. For example, software or control logic changes are implemented before
replacing a component or system with a completely redesigned one, which is typically a
much more expensive option. In some cases, and as appropriate, the model may combine
the sequential technologies shown on a decision tree and apply them simultaneously,
effectively developing dynamic technology packages on an as-needed basis. For
example, if compliance demands indicate, the model may elect to apply LUB, EFR, and
ICP on a dual overhead cam engine, if they are not already present, in one single step.

For this NPRM analysis, the decision trees were updated to include additional
technologies that the agency assumes will be available in the MYs 2017-2025 time frame.
Each technology within the decision trees has an incremental cost and an incremental
effectiveness estimate associated with it, and estimates are specific to a particular vehicle
subclass. Each technology’s incremental estimate takes into account its position in the
decision tree path, which starts with the most cost-effective/simplest technology options
at the top. If a technology is located further down the decision tree, the estimates for the
costs and effectiveness values attributed to that technology are influenced by the
incremental estimates of costs and effectiveness values for prior technology applications.
In essence, this approach accounts for “in-path” effectiveness synergies, as well as cost
effects that occur between the technologies in the same path. When comparing cost and
effectiveness estimates from various sources and those provided by commenters, it is
important that the estimates evaluated are analyzed by the agency in the proper context,
especially as concerns their likely position in the decision trees and other technologies
that may be present or missing. Not all estimates available in the public domain or
offered for the agencies’ consideration can be evaluated in an “apples-to-apples”
comparison with those used by the CAFE model, since in some cases the order of
application, or included technology content, is inconsistent with that assumed by NHTSA
in the decision tree.

In the MY 2011 final rule, significant revisions had been made to the sequence of
technology applications within the decision trees, and in some cases the paths themselves
had been modified and additional paths had been added. These revisions were
maintained for the MY's 2012-2016 final rule and this NRPM analysis. The additional
paths allow for a more accurate application of technology, insofar as the model now
considers the existing configuration of the vehicle when applying technology. In this
analysis, single overhead camshaft (SOHC), dual overhead camshaft (DOHC) and
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overhead valve (OHV) configured engines have separate paths that allow for unique path-
dependent versions of certain engine technologies. Thus, the cylinder deactivation
technology (DEAC) now consists of three unique versions that depend on whether the
engine being evaluated is an SOHC, DOHC or OHYV design; these technologies are
designated by the abbreviations DEACS, DEACD and DEACO, respectively, to
designate which engine path they are located on. Similarly the last letter for the Coupled
Cam Phasing (CCP) and Discrete Variable Valve Lift (DVVL) abbreviations are used to
identify which path the technology is applicable to.

Use of separate valvetrain paths and unique path-dependent technology variations also
ensures that the incremental cost and effectiveness estimates properly account for
technology effects so as not to “double-count.” For example, in the SOHC path, the
incremental effectiveness estimate for DVVLS assumes that some pumping loss
reductions have already been accomplished by the preceding technology, CCPS, which
reduces or diminishes the effectiveness estimate for DVVLS because part of the
efficiency gain associated with the reduction of the pumping loss mechanism has already
occurred. This accounting approach resolves this potential double-counting issue.

In addition to incorporating new technologies for the MYs 2017-2025 time frame, the
decision trees were also revised to include unique paths, based on engine displacement
and cylinder configuration, for all turbocharged and downsized, cooled EGR, and diesel
engines. This allows for more accurate accounting of incurred costs from the application
of these advanced engine technologies. For each of these advanced engine technologies
there are now three unique versions that depend on whether or not the engine is more
similar to an inline 4-cylinder, a V6, or a V8 engine, and are defined by small
displacement (“SD”), midsize displacement (“MD”) and large displacement (“LD”)
designations, respectively. For example, the advanced diesel technology (ADSL) now
consists of three unique versions that are designated by the abbreviations ADSL_SD,
ADSL_MD and ADSL_LD.

To address any potential confusion, NHTSA would like to draw attention to the retention
of previously applied technologies when more advanced technologies (i.e., those further
down the decision tree) were applied. For this proposal, as in previous rulemakings, ,
previously-applied technologies are retained in combination with the new technology
being applied as appropriate and feasible, but not always. For instance, one exception to
this would be the application of advanced diesel technology, where the entire engine is
assumed to be replaced, so gasoline engine technologies do not (indeed, cannot) carry
over. This exception for advanced diesels, along with a few other technologies, is
documented below in the detailed discussion of each decision tree and corresponding
technologies.

As the Volpe model steps through the decision trees and applies technologies, it
accumulates total or “NET” cost and effectiveness values. Net costs are accumulated
using an additive approach while net effectiveness estimates are accumulated
multiplicatively. As with the MY 2012-2016 final rule, the decision trees have been
expanded so that NHTSA is better able to track the incremental and net/cumulative cost
and effectiveness of each technology, which substantially improves the “accounting” of
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costs and effectiveness for this NPRM.'" To help readers better understand the
accumulation process, and in response to comments expressing confusion on this subject,
the following examples demonstrate how the VVolpe model calculates net values.
Accumulation of net cost is explained first, as this is the simpler process. This example
uses the Transmission decision tree sequentially applying IATC, NAUTO, DCT, 8SPD,
HETRANS, SHFTOPT technologies to a midsize passenger car using the cost and
effectiveness estimates from its input sheet. As seen in Table V-5 below, for example,
the net cost to apply all the transmission technologies would be ($61.88 + -$38.73 + -
$73.88 + $255.18 + $248.38 + $1.65 = $454.48). Net costs are calculated in a similar
manner for all the decision trees.

Table V-5. Example of Volpe Model Net Cost Calculation

Example Net Cost (MY2017) Calculation:
Transmission Path, Midsize Vehicle Subclass

Tech. Abrev. INCR Cost NET Cost
IATC $ 61| $ 61
NAUTO $ (39)] $ 22
DCT $ (74)| $ (52)
8SPD $ 225 | $ 173
HETRANS | $ 248 | $ 421
SHFTOPT | $ 2| $ 423

The same decision tree, technologies, and vehicle are used for the example below which
demonstrates the model’s net effectiveness calculation. Table V-6 below shows average
incremental effectiveness estimates in column two; this value is calculated in the same
manner as the cost estimates above (average of lower and upper value taken from the
input sheet). To calculate the change in fuel consumption due to application of the IATC
technology with incremental effectiveness of 3.0 percent (or 0.030 in decimal form,
column 3), when applied multiplicatively, means that the vehicle’s current fuel
consumption ‘X’ would be reduced by a factor of (1 — 0.030) = 0.970,"® or
mathematically 0.970*X. To represent the changed fuel consumption in the normal

17 1n addition to the (simplified) decision trees, as published in this document, NHTSA also utilized
“expanded” decision trees in this final rule analysis. Expanded decision trees graphically represent each
unique path, considering the branch points available to the Volpe model, which can be utilized for applying
fuel saving technologies. For instance, the engine decision tree shown in this document has 21 boxes
representing engine technologies, whereas the expanded engine decision tree requires a total of 90 boxes to
accurately represent all available application variants. Expanded decision trees presented a significant
improvement in the overall assessment and tracking of applied technologies since they allowed NHTSA
staff to accurately view and assess both the incremental and the accumulated, or net cost and effectiveness
at any stage of technology application in a decision tree. Because of the large format of the expanded
decision trees, they could not be included in the Federal Register, so NHTSA refers the reader to Docket
No. NHTSA-2010-0131. Expanded decision trees for the engine,
electrification/transmission/hybridization, and the vehicle technologies (three separate decision trees) were
developed for each of the 12 vehicle technology application classes and have been placed in the docket for
the reader’s reference.

118 A decrease in fuel consumption (FC) means the fuel economy (FE) will be increased since fuel
consumption and economy are related by the equation FC = 1/FE.
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fashion (as a percentage change), this value is subtracted from 1 (or 100%) to show the
net effectiveness in column 5.

As the NAUTO technology is applied, the vehicle’s fuel consumption is already reduced
to 0.970 of its original value. Therefore the reduction for an additional incremental 2.04
percent results in a new fuel consumption value of 0.9502, or a net 4.98 percent
effectiveness, as shown in the table. Net effectiveness is calculated in a similar manner
for the all decision trees. All incremental effectiveness estimates were derived with this
multiplicative approach in mind; calculating the net effectiveness using an additive
approach will yield a different and incorrect net effectiveness.

Table V-6. Example of Volpe Model Net Effectiveness Calculation
Example Net Effectiveness Calculation:
Transmission Path, Midsize Vehicle Subclass
Tech. INCR Eff. Eff. Multiplicative FC Reduction [NET Eff.

Abrev. % (decimal) Current FC * (1- INCR) (1-Red)
IATC 3.00% 0.0300 1*(1-0.03) = 0.970 3.00%

NAUTO 2.04% 0.0204 0.970 * (1 - 0.0204) = 0.9502 4.98%
DCT 4.06% 0.0406 | 0.9502 * (1-0.0406) =0.9116 | 8.84%
8SPD 4.57% 0.0457 | 0.9116 * (1 - 0.0457) =0.8700 | 13.00%

HETRANS | 2.68% 0.0268 | 0.8700 * (1- 0.0268) =0.8467 | 15.33%
SHFTOPT | 4.08% 0.0408 | 0.8467 * (1-0.0408) =0.8121 | 18.79%

To improve the accuracy of accumulating net cost and effectiveness estimates, “path-
dependent corrections” were employed in the MYs 2012-2016 final rule and are being
utilized in this proposal. The previous 2008 analysis for the MYs 2011-2015 NPRM had
the potential to either overestimate or underestimate net cost and effectiveness depending
on which decision tree path the VVolpe model followed when applying the technologies.
For example, if in the 2008 NPRM analysis a diesel technology was applied to a vehicle
that followed the OHV path, the net cost and effectiveness could be different from the net
estimates for a vehicle that followed the OHC path, even though the intention was to have
the same net cost and effectiveness. In order to account for this, “in path”-dependent
correction tables were added to the input sheets. The model uses path-dependent
correction factors, found in the synergy tables of the technology input sheets, to correct
net cost and effectiveness estimate differences that occur when multiple paths lead into a
single technology that is intended to have the same net cost and effectiveness no matter
which path was followed. Path-dependent corrections were used when applying cylinder
deactivation (on the DOHC path) and turbocharging and downsizing. For the cylinder
deactivation the fuel consumption reduction and cost estimates stated in the following
sections and the input sheets are for an engine with DVVL. The above-mentioned
correction factors are then used to adjust the estimates for an engine with CVVL.

Similarly, the fuel consumption reduction and cost estimates stated in following sections
and the input sheets for turbocharging and downsizing are for an SOHC engine.
Correction factors are then used to adjust the estimates for the different paths (i.e., DOHC
or OHV).
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What’s new in this rulemaking?

Since the MY 2012-2016 final rule, additional analyses and studies have been initiated to
improve the technology cost and effectiveness estimates used as inputs for this and future
CAFE rulemakings. Some of these analyses and studies have been completed already,
and their results were available for use in this NPRM analysis. The following sections
briefly describe some of the new inputs that NHTSA and EPA have incorporated for this
analysis.

More Vehicle Technologies (LUB2-EFR2, Higher BMEP Engine, P2, Level 11
of Tire Rolling Resistance, Level Il of Aerodynamic Drag Reduction)

The agencies have applied several new technologies and also included a new additional
level of effectiveness for several technologies in this NPRM analysis. The agencies are
employing an additional level of engine friction reduction (representing engine friction
reductions of 20 percent, compared to the 10 percent reductions previously assumed), an
additional level of aerodynamic drag reduction (representing drag reductions of 20
percent), and an additional level of tire rolling resistance reduction (representing a rolling
resistance reduction of 20 percent).

Other changes to the technologies employed in the modeling include, based on Ricardo’s
work for EPA, the addition of higher BMEP engines than considered in prior rulemaking
analyses, such as 24 bar and 27 bar BMEP engines; and two additional technology
options which have been added to the transmission decision tree, high efficiency gearbox
and shift optimization. The strong hybrid technologies used in the MYs 2012-2016 final
rule, power split and 2-mode hybrid, have been replaced in this NPRM analysis by P2
hybrid, which is applied instead of the other two technologies due to its lower cost and
higher effectiveness. Transmission technologies are revised significantly as well, insofar
as the “6-, 7- and 8- speed transmission” group is now divided into two groups, a “6-
speed transmission” group and an “8-speed transmission” group, based on information
gathered by the agencies. All of these changes reflect the agencies’ expectation for
technology development before and during MYs 2017-2025 timeframe. The agencies
believe that these technologies will provide a cost effective path in reducing fuel
consumption and GHGs.

Updated Effectiveness Estimates

EPA contracted with Ricardo Engineering to provide vehicle simulation support for this
proposal. This simulation work provided basis for the effectiveness estimates for a
number of the technologies most heavily relied on in the agencies’ analysis of potential
standards for MY's 2017-2025. Some of technology effectiveness values that were
informed by the 2010/2011 Ricardo study were advanced engine friction reductions,
higher BMEP engines, advanced transmissions, start-stop systems and P2 hybrids. More
information about the Ricardo work is available in TSD Chapter 3 or Docket NHTSA-
2010-0131.



164

More Costs from FEV Teardown Study

Since the MY's 2012-2016 final rule, FEV, contracted by EPA, has completed two more
tear-down studies that the agencies used for this NPRM analysis: a tear-down study
comparing the cost of an 8-speed automatic transmission to a 6-speed automatic
transmission, and a tear-down study of a power-split hybrid to determine the incremental
costs of converting a conventional gasoline powered vehicle (a V6 Ford Fusion) to a
power-split hybrid (a Ford Fusion hybrid). The results for individual components in
power-split hybrid teardown were subsequently used to cost another hybrid technology,
the P2 hybrid, which employs similar hardware.

Updates for the Cost of HEV, PHEV, EV

The agencies have reconsidered the costs for HEVs, PHEVs, EVs, and FCEVs as the
result of two issues. First, electrified vehicle technologies are developing rapidly:
different battery materials and different hybrid systems are proliferating, and battery costs
are coming down. And second, the analysis for the MYs 2012-2016 final rule employed
a single $/kWhr estimate, and did not consider the specific vehicle and technology
application for the battery when we estimated the cost of the battery.™® Specifically,
batteries used in HEVs (high power density applications) versus EVs (high energy
density applications) need to be considered appropriately to reflect the design differences,
the chemical material usage differences, and differences in cost per kW-hr as the power
to energy ratio of the battery changes for different applications. To address these issues
for this proposal, the agencies have used a battery cost model, BatPac,*?° developed by
Argonne National Laboratory (ANL) for the Vehicle Technologies Program of the U.S.
Department of Energy’s (DoE) Office of Energy Efficiency and Renewable Energy. The
model developed by ANL allows users to estimate unique battery pack cost using user-
customized input sets for different hybridization applications, such as strong hybrid,
PHEV and EV. Since the publication of the TAR, ANL’s battery cost model has been
peer-reviewed and ANL has updated the model to incorporate many suggestions from
peer-reviewers. EPA staff used this newly updated model to derive battery costs for this
NPRM analysis, and we discuss our updated battery costs in section in Section 0. The
agencies added new configurations of HEV, PHEV and EV vehicles to the ANL model
for this NPRM analysis that include the P2 HEV configuration, different mileage ranges
for PHEVs and different mileage ranges for EVs. Details regarding these vehicle
technologies are discussed in section 0.

Updates for the Cost of Mass Reduction and Level of Mass Reduction

The cost of mass reduction has been updated since to the MYs 2012-2016 final rule. In
the last rulemaking, a constant cost of $1.32/Ib was used. In this NPRM analysis, a linear
cost curve is used at a rate of $4.29/Ib/percent of mass reduction. Additionally, the
amount of mass reduction considered by the agencies as available for purposes of this

9 However, we believe that this had little impact on the results of the cost analyses in support of the MY's
2012-2016 final rule, as the agencies projected that the standards could be met with an increase of less than
2 percent penetration of hybrid technology, and no increase in plug-in or full electric vehicle technology.
120 BatPac Model and peer-review report are in docket NHTSA-2010-0131.
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analysis is generally increased. The maximum amount of mass reduction applied to
vehicles in NHTSA’s analysis is 20 percent, although varying amounts are applied to
different types of vehicles in order to ensure that a safety neutral path is developed:
specifically, less mass reduction is applied to smaller vehicles, such as compact cars, and
more is allowed to be applied to larger vehicles, such as large pickup trucks and SUVs.
The mass reduction section below contains detailed descriptions for mass reduction costs,
available technologies and the agencies’ work plan for refining these estimates for the
final rule.

Modification of ICM

For the analysis in this NPRM, NHTSA and EPA have revisited the technologies
evaluated by EPA staff and relied primarily on the modified Delphi based technologies
develop the ICMs. For this NPRM analysis, the agencies are using the following basis for
estimating ICMs:

e All low complexity technologies will be estimated to equal the ICM of the
modified Delphi based low technology - passive aerodynamic improvements.

e All medium complexity technologies will be estimated to equal the ICM of the
modified Delphi based medium technology - engine turbo downsizing.

e Strong hybrids and non-battery PHEVs will be estimated to equal the ICM of the
high complexity consensus based high technology — hybrid electric vehicle.

e PHEVs with battery packs and full electric vehicles will be estimated to equal
the ICM of the high complexity modified Delphi based high technology — plug-
in hybrid electric vehicle.

In addition to shifting the proxy basis for each technology group, the agencies
reexamined each technology’s complexity designation and adjusted the grouping of
technologies. Some new technologies are also added to the groupings. Other changes to
the ICMs for this rulemaking include basing them on the expected long-term average
RPE rather than that of any one specific year (2007), which involved normalizing them to
an average RPE multiplier level of 1.5; and distinguishing the ICMs into two parts, one
applied to warranty cost and one applied to non-warranty cost. The latter was done
because the agencies believe that learning curves are more appropriately applied only to
direct costs, with indirect costs established up front based on the ICM and then held
constant while direct costs are reduced by learning.

More detailed information about how the agencies applied ICMs in this NPRM analysis
can be found in Chapter VII of this PRIA.

More and Refined Learning Schedules

In MY's 2012-2016 rulemaking, the agency applied two types of learning, “time-based”
learning and “volume-based” learning. For this NPRM the agency has, however, adopted
new terminology to distinguish the two different learning applications. Emerging
technologies are adjusted using what we now call the “steep “learning schedule, which
involves 20% decreases, while mature technologies are modified using one of a number
of “flat” schedules, involving the smaller 3%, 2%, or 1% decreases. The “flat” curves
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assume a learning rate of 3% over the previous years’ cost for a number of years,
followed by 2% over several more years, followed by 1% indefinitely. The “steep”
curves assume larger decreases of 20% every 2 years during the initial years of
production, for a maximum of two learning cycles, before converting to the “flat”
learning curve rates. For this NPRM analysis, the agency has determined where on the
learning curve each technology lies and then applied learning effects based on those
determinations. Figure V-11 shows how these determinations impact the level of
learning effects applied in our analysis.. Chapter VII of this PRIA contains a detailed
discussion of the changes to the ICM and their application to individual technologies.

Figure V-11. Learning Factors used in the Analysis to accommodate Technologies at Different Places
on the Learning Curve and Having Costs Based in Different Years
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Inclusion of Stranded Capital Costs

There is also the potential for stranded capital*** if technologies are introduced too

rapidly for some indirect costs to be fully recovered. Due to the capital-intensive nature
of producing automotive components, it is possible for substantial capital investments in
manufacturing equipment and facilities to become “stranded”. While the FEV tear-down
analysis results are assumed to be generally valid for the 2017-2025 timeframe for fully
mature, high sales volumes, FEV perform a supplemental analysis to consider potential

121 The potential for stranded capital occurs when manufacturing equipment and facilities cannot be used in
the production of a new technology.
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stranded capital costs. For a select group of technologies NHTSA has included that
ability account for stranded capital costs, as supplied by FEV, into the analysis. The
agency refers readers to Chapter 3 of the draft joint TSD for a more detailed description
of how FEV estimated stranded capital costs and later in this chapter the agency describes
how stranded capital costs were integrated into the analysis.

How are technologies applied in the CAFE model?

As discussed above, the Volpe model uses decision trees to determine the order in which
technologies are applied to each vehicle in our analysis. The following paragraphs
explain, in greater detail, the decision tree logic and revisions to the decision trees from
the MY 2012-2016 final rule that have been incorporated for this NPRM.

Engine Technology Decision Tree

For this NPRM, NHTSA modified the engine decision tree and the model’s technology
application logic that was employed in the MYs 2012-2016 final rule by revising some of
the paths and adding new technologies that the agencies assume will be available in the
MY's 2017-2025 timeframe. Figure V-12 below shows a simplified decision tree for the
engine technology category.

As was the case in the MYs 2012-2016 final rule, SOHC, DOHC and OHV engines
continue to have separate paths to allow the model to apply unique path-dependent
valvetrain technologies (Variable Valve Timing, Variable Valve Lift, and cylinder
deactivation) that are tailored to those specific engine types. These path-dependent
valvetrain technologies are designated by the letter “S” for SOHC, “D” for DOHC and
“O” for OHV at the end of each technologies acronym. From example, cylinder
deactivation (DEAC) on the SOHC is designated as DEACS. This approach also
improves the accuracy of our accounting for net cost and effectiveness, because the
unique cost and effectiveness estimates for each engine type can account for the fact that
SOHC engines only have one camshaft per bank of cylinders, DOHC engines have two
camshafts per bank of cylinders and OHV engines only have one camshaft regardless of
whether or not the engine is an inline or V configuration.

A number of changes have been made to the engine decision tree for the MYs 2017-2025
analysis in order to reflect changes in our technology assumptions for this rulemaking as
compared to the MY's 2012-2016 final rule. As explained above, a second step of low-
friction lubricants and engine friction (LUB2_EFR2) is included in the agencies’ analysis
and has thus been added to the decision tree, as a single technology following EFR1. On
the OHV path, coupled cam phasing (CCP) and discrete variable valve lift (DVVL) have
been combined into one technology, variable valve actuation (VVVA). This was done
because, and as discussed below, cylinder deactivation (DEAC), which utilizes lost
motion devices that enable DVVL operation, precedes both CCP and DVVL so when
applying CCP it seems logical to apply DVVL, at no cost due to being enabled by DEAC,
to utilize the additional valve control the conversion to DOHC has been deleted from the
OHYV path based on the assumption that manufacturers are more likely to proceed to a
turbocharged and downsized engine, which has a higher potential for fuel consumption
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reductions, rather than to a naturally aspirated DOHC engine in the event that they need
to replace the existing OHV engine Additionally, the OHV path now has its own unique
stoichiometric gasoline direct injection technology (SGDIO).

The combustion restart (CBRST) technology has been deleted as an enabling engine
technology based on the assumption that it is likely that manufacturers will accomplish
stop-start functionality by way of a 12V integrated starter/generator (MHEV).

The turbocharging and downsizing and cooled EGR technologies are considered to be a
completely new engines that have been converted to DOHC (if not already a DOHC in
the baseline vehicle) with LUB, EFR, LUB2_EFR2 (post MY 2016) DCP and SGDI
applied. For this proposal, the agency has added a second step of turbocharging and
downsizing (TRBDS2) with a higher Brake Mean Effective Pressure (BMEP*%) level.
The EGR Boost technology from the MY's 2012-2016 technology has been renamed to
cooled EGR (CEGR1 and CEGR2) and has been expanded to include two steps with the
second utilizing higher BMEP levels. For this analysis, the conversion to Diesel is now
only one technology following CEGR2, and has been renamed advanced diesel (ADSL)
Similar to the turbocharged and downsized engines, ADSL is considered to be a
completely new engine that replaces the gasoline engine (although it carries over the
LUB, EFR and LUB2_EFR?2 technologies, which are assumed to still be applicable to
diesels). We note that because in the TRBDS1 all engines are converted to DOHC
engines; there are not path-dependent variations of the TRBDS2, CEGR1, CEGR2 and
ADSL technologies, which means that the same technology state is reached by the
modified vehicle regardless of the path the model followed to achieve it. Therefore, in
conducting the analysis, the net cost and effectiveness estimates for the different engine
paths are considered to be the same (regardless of path), and the incremental cost and
effectiveness estimates are adjusted as appropriate to account for the path-dependent
variations.

122 BMEP refers to brake mean effective pressure, a common engineering metric which describes the
specific torque of an engine, as a way of comparing engines of different sizes. It is usually expressed in
units of bar, or kPa. Current naturally aspirated production engines typically average 10-12 bar BMEP,
while modern turbocharged engines are now exceeding 20 bar BMEP with regularity. Simply put, a 20 bar
BMEP turbocharged engine will provide twice the torque of an equivalent sized engine that achieves 10 bar
BMEP.
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Figure V-12. Engine Technology (EngMod) Decision Tree
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Electrification/Accessory Technology Decision Tree

After reviewing this decision tree, NHTSA made some revisions from the version used in
the MYs 2012-2016 final rule. Specifically, since the agencies are considering a second
level of Improved Accessories (IACC) after the first level to consider technologies such
as mild levels of alternator regenerative braking, the decision tree was modified to
include that additional technology option. Belt Mounted Integrated Starter Generator
(BISG) and Crank Mounted I1SG (CISG) are now combined into one technology,
Integrated Starter Generator (ISG). Even though ISG is not used in this analysis, this
technology acts a placeholder in the decision tree for the possibility of including a mild
hybrid technology in the final rule analysis. The updated decision tree is shown in Figure
V-14.

Electric Power Steering (EPS) is the first technology in this decision tree, since it is a
primary enabler for stop-start systems and mild and strong hybrids, and is followed by
the first level of Improved Accessories (IACC1), as in the MY 2012-2016 final rule.
IACC1 is then followed by a second level of improved accessory (IACC2), which
includes a mild level of regenerative braking, as stated above. Micro-Hybrid (MHEV), a
12-volt system that offers basic idle stop/start functionality only, follows IACC2. An
ISG technology block is placed on the decision tree, again, to represent the higher voltage
system with stop/start and higher level of energy recovery through regenerative braking.
All Electrification/Accessory technologies can be applied to both automatic and manual
transmission vehicles.

Transmission Technology Decision Tree

For this NPRM, NHTSA reviewed the transmission technology decision tree and the
model’s technology application logic used in the MY's 2012-2016 final rule, and made
some revisions. This decision tree, shown in Figure V-14, contains two paths: one for
automatic/dual clutch transmissions and one for manual transmissions. The CVT path
used in MY 2012-2016 final rule has been removed due to the assumed low market
penetration of CVTs in the U.S. in the rulemaking timeframe.

On the automatic/dual clutch path, the decision tree first optimizes the current
transmission by improving the control system via the Improved Automatic Transmissions
Controls and other Externals (IATC) technology. After IATC, the decision tree moves to
6-speed automatic transmission with improved internals (NAUTO). The NAUTO
technology is followed by the 6-speed Dual Clutch Transmission (DCT) technology.
Dual Clutch Transmission (DCT) designs do not suffer torque interrupt when shifting; a
characteristic associated with automated manual transmission (AMT) designs. In
response to comments from manufacturers expressing concern that torque interrupt will
not be acceptable to consumers, AMT designs are not included in this analysis. The DCT
technology is disabled for vehicles with towing requirements, such as Midsize Light
Truck (LT), Large LT and Minivan LT vehicle subclasses. After DCT, the decision tree
progresses to an 8-speed transmission (8SPD). For vehicles with towing requirements,
the 8SPD technology represents an 8-speed automatic. However, for all other vehicles
the 8SPD technology represents a transition to an 8-speed DCT from a 6-speed DCT.
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Following the 8SPD technology are two new technologies added for this NPRM: high
efficiency gear box (HETRANS) and shift optimization (SHFTOPT). Each of these
technologies can be applied to both DCT and automatic transmissions.

As in the 2012-2016 final rule analysis, the manual transmission path has only two
technology applications: conversion to a 6-Speed Manual with Improved Internals
(6MAN), and high efficiency gearbox (HETRANSM). NHTSA anticipates limited use of
manual transmissions with more than 6 speeds within the MY's 2017-2025 timeframe.

Hybrid Technology Decision Tree

NHTSA also reviewed the hybrid technology decision tree and the model’s technology
application logic used in the MY 2012-2016 final rule, and made revisions to this
decision tree anticipating that more HEV, PHEV and EV vehicles will penetrate the
market for the MY's 2017-2025 rulemaking period. The model continues to apply only
strong hybrid technologies when both the Electrification/Accessory and Transmission
(automatic/dual clutch transmissions only) technologies have been fully added to the
vehicle, as seen in Figure V-14. When the CAFE model applies strong hybrids, it
accounts for the fact that some of the fuel consumption reductions have already been
included when technologies like EPS or IACC have been previously applied. The
decision tree contains two levels of strong hybrid technologies: SHEV1 and SHEV2.
SHEV1 is applied when defining the MY's 2012-2016 baseline and SHEV?2 is applied in
the MY's 2017-2025 analysis. SHEV?2 represents a second generation of strong hybrids
that includes advances in engine and transmission technologies assumed to be available
in MYs 2017-2025. The model’s logic will allow a vehicle with the SHEV1 technology,
either as applied by the model or present in the baseline, to be converted to SHEV2 in the
MY's 2017-2025 timeframe. After SHEV?2, the decision tree advances to a 30-mile
range plug-in hybrid (PHEV1). Should the need arise in the final rule to incorporate
another PHEV technology with a different range, a placeholder technology, PHEV2, has
been added to the decision tree. Following SHEV2 in the decision tree are four electric
vehicle (EV) technologies: EV1, EV2, EV3and EV4. EV1isa 75-mile range EV
assumed to be marketed to early adopters of the EV technology. EV2 and EV3 are not
used in this analysis and are reserved for adding different versions of EVs with different
ranges. EV4 represents a 150-mile range EV that is assumed to be marketed as a mass
market vehicle.
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Figure V-13. Electrification/Accessory, Transmission and Hybrid Technology
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Vehicle Technology Decision Tree

After reviewing this decision tree, NHTSA made some revisions to the vehicle
technology tree from the version used in the MY's 2012-2016 final rule. The MY 2012-
2016 final rule utilized three Material Substitution (MS) technologies in a dedicated path
in the Vehicle Technology Decision tree. For this NPRM, Material Substitution has been
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renamed Mass Reduction (MR) and has been expanded to five levels as shown in Figure
V-15. All have a different definition (in terms of the amount of mass reduction that they
can represent) than was used in the prior rule, and the definition for the level of mass
reduction differs with each vehicle subclass. For example, only MR1 and MR2 are used
for midsize passenger cars representing a total of mass reduction of 5 percent, while MR1
to MR5 are used for large pickup trucks representing a total mass reduction of 20 percent.
Section 0 contains detailed description of how mass reductions are applied in this
analysis.

Low Drag Brakes (LDB) and Secondary Axle Disconnect (SAX) have the same
definition and path as used in the MY's 2012-2016 final rule, with SAX still applied to
4WD vehicles only.

Low Rolling Resistance Tires (ROLL) is separated from LDB and SAX path. There are
3 levels of Low Rolling Resistance Tire in the decision tree, ROLL1, ROLL2 and
ROLL3. However, only ROLL1 and ROLL2 are used in this NPRM; the third level is
reserved for potential future use.

Aerodynamic Drag Reduction also remains a separate path and there are now two levels
of aerodynamic drag reduction in this NPRM analysis, AERO1 and AERO2. The MY's
2012-2016 final rule only had one level of AERO.
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Figure V- 14.° Vehicle Technology Decision Tree

—l Low Rolling _ Aerodynamic
| Mass R:l:il.u.,tmn | Resistance Tires L:I;u.- kDr{iE Drag Reduction
(MR1) o | wop | | . |
(ROLLI) ! {AERO1)
| ¥ l ¥ | y 4WD | Jr
Mass Reduction LUW R?“m.g ) | Secondary Axle I Aemd}-rmmlm I
4 Resistance Tires Disconnect Drag Reduction
2 4 4
5 I 2 s £2
|| MR || (rROLL2) | | IL(ABROD) )
L - ,
. | R _F“]IEHEL d Dynamic Load Acrodynamic
| | Mass Reduction | Fesmtance Lo Reduction Load Reduction
#3 Eeduction | (DLR) LALRU}
| L - . .
| v
Mass Reduction
#4 |
Il (vrey
L
I
dass Reduction
|| Mass Reducti
#5
(MES) |

Mass Reduction
(MRE)

e e e

Is this model year an appropriate time to add the technology? (year of availability;
refresh and redesign schedule)

Manufacturers typically plan vehicle changes to coincide with certain stages of a
vehicle’s life cycle that are appropriate for the change, or in this case the technology
being applied. In the automobile industry there are two terms that describe when
technology changes to vehicles occur: Redesign and refresh (i.e., freshening). Vehicle
redesign usually refers to significant changes to a vehicle’s appearance, shape,
dimensions, and powertrain. Redesign is traditionally associated with the introduction of
“new” vehicles into the market, often characterized as the “next generation” of a vehicle,
or a new vehicle platform. Vehicle refresh usually refers to less extensive vehicle
modifications, such as minor changes to a vehicle’s appearance, a moderate upgrade to a
powertrain system, or small changes to the vehicle’s feature or safety equipment content.
Refresh is traditionally associated with mid-cycle cosmetic changes to a vehicle, within
its current generation, to make it appear “fresh.” Vehicle refresh generally occurs no
earlier than two years after a vehicle redesign, or at least two years before a scheduled
redesign.
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There are many factors that can affect when or how often redesigns occur, such as
availability of capital and engineering resources and the extent of platform and
component sharing between vehicle models, or even between manufacturers, if
cooperation is involved. Historically high-volume cars have followed roughly a 5-year
redesign cycle to remain competitive in the market. On the other hand, a few of the niche
market or small-volume manufacturer vehicles (i.e. luxury and performance vehicles), as
well as large trucks and full size vans, have historically followed longer 6- to 8-year
redesign cycles. Managing product lines and refresh and redesign cycles is a complex
task undertaken by manufacturers to respond to consumer preference trends and to
comply with regulations in the most cost- and resource-effective way possible. The
agency believes that manufacturers can and will accomplish much improvement in fuel
economy and GHG reductions while applying technology consistent with their redesign
schedules. While manufacturers look to make common design and technology changes
across a vehicle platform, consumer preference trends and regulation can sometimes
require manufacturers to use flexibilities such vehicle-specific designs and technology
changes in addition to broader vehicle platform level changes at refresh/redesign times in
order to stay competitive and ensure compliance. As fuel economy standards become
more stringent over time, NHTSA believes that manufacturers will use every opportunity
to improve the fuel economy performance of their vehicles.

For the majority of technologies discussed in this proposal, manufacturers will only be
able to apply them at a refresh or redesign, because their application would be significant
enough to involve some level of engineering, testing, and calibration work.**® Some
technologies (e.g., those that require significant revision) are nearly always applied only
when the vehicle is expected to be redesigned, like turbocharging and engine downsizing,
or conversion to diesel or hybridization. Other technologies, like cylinder deactivation,
electric power steering, and low rolling resistance tires can be applied either when the
vehicle is expected to be refreshed or when it is expected to be redesigned, while low
friction lubricants, can be applied at any time, regardless of whether a refresh or redesign
event is conducted. Accordingly, the model will only apply a technology at the particular
point deemed suitable. These constraints are intended to produce results consistent with
how we assume manufacturers will apply technologies in the future based on how they
have historically implemented new technologies. For each technology under
consideration, NHTSA specifies whether it can be applied any time, at refresh/redesign,
or only at redesign. The data forms another input to the VVolpe model.

For this proposal, NHTSA developed redesign and refresh schedules for each of a
manufacturer’s vehicles included in the analysis, essentially based on the last known
redesign year for each vehicle, and projected forward using a 4 to 8-year redesign and a
2-3 year refresh cycle. NHTSA used publicly-available data to estimate the last known

12 For example, applying material substitution through weight reduction, or even something as simple as
low rolling-resistance tires, to a vehicle will likely require some level of validation and testing to ensure
that the vehicle may continue to be certified as compliant with NHTSA’s Federal Motor Vehicle Safety
Standards (FMVSS). Weight reduction might affect a vehicle’s crashworthiness; low rolling-resistance tires
might change a vehicle’s braking characteristics or how it performs in crash avoidance tests.
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redesign schedule for the vehicles produced by the manufacturers.*** The agency also
used this public data along with engineering judgment to estimate the number of years
between redesigns to develop the unique redesign schedules for each vehicle model in the
analysis. Thus, if a vehicle was last redesigned in MY 2008 and is assumed to have 6
years between redesigns, the redesign cycle will be as follows: MY 2008, MY 2014, and
MY 2020. The refresh schedules were determined in a similar fashion, based on those of
the baseline fleet and using the 2 to 3 year cycle assumption. NHTSA believes that this
approach is reasonable given the nature of the current baseline, which as a single year
(MY 2008) of CAFE certification data, as discussed in Chapter |11 above, does not
contain its own refresh and redesign cycle cues for future model years. This approach
also helps to ensure the complete transparency of the agency’s analysis.'®> For the final
rule NHTSA intends to update the baseline fleet, hopefully using the more current MY
2010 CAFE certification data in lieu of the MY 2008 certification data, and the agency
will reassess vehicle redesign schedules as part of this update. The agency seeks
comment on the approach taken to estimate vehicle redesign schedules and on the
schedules themselves.

We note that this approach taken for this proposal is different from what NHTSA has
employed previously for determining redesign and refresh schedules. For the MY's 2012-
2016 final rule, NHTSA assumed that passenger cars would normally be redesigned
every 5 years, consistent with industry trends over the last 10-15 years, unless a
manufacturer had submitted product plans indicating that they expected to pursue a more
rapid redesign and refresh schedule.*® In the MYs 2012-2016 final rule, NHTSA also
projected a 5-year redesign cycle for the majority of light trucks.*®’ In the MY 2011 final

124 Sources included, but were not limited to, manufacturers’ web sites, industry trade publications (e.g.,
Automotive News), and commercial data sources (e.g., Ward’s Automotive, etc.).

125 While the greater transparency of using historical certification data is an undeniable benefit, using
adjusted historical data rather than estimated future data also impacts how NHTSA is able to model the
refresh/redesign cycle in its analysis of year-by-year maximum feasible CAFE standards. For example,
manufacturers have indicated (either publicly or in their product plans) that some vehicles that exist in the
MY 2008 certification-data based fleet will be discontinued (i.e., no longer produced or sold) prior to or
within the rulemaking period. Conversely, some vehicle models have already been or will be introduced to
the market during the rulemaking time frame, like GM’s Chevy Volt and Chrysler’s anticipated new
models based on Fiat platforms. Since these vehicles were not sold in 2008, they do not exist in the MY
2008 certification data, and thus do not exist in the model’s market data file for this NPRM analysis. To
address this problem, the agency assumes that future vehicles are replacements for vehicles currently in the
market and will tend to follow the same cycles as their predecessors, so it is appropriate to reflect the same
redesign cycle in the market data file.

NHTSA believes that it is reasonable to expect that the manufacturer will produce a similar
vehicle, or some group of similar vehicles, to compete in the same market segment—whether the
manufacturer will offer the same vehicle model, a fully redesigned but otherwise similar version of that
model, or an entirely new vehicle or group of vehicles, sold as a new model or nameplate of a similar type.
This is how NHTSA addresses the issue of the GM Volt: although it does not appear in the baseline market
data file, it will be considered as one of the existing GM models of similar type and in the same market
segment once it becomes available.

126" Exceptions were made for high performance vehicles and other vehicles that traditionally had longer
than average design cycles due to their unique design characteristics and their evolutionary, as opposed to
revolutionary product development practices (e.g., the Porsche 911 has remained the same basic vehicle for
many years).

127 NHTSA recognized in the MY 2011 CAFE rulemaking that light trucks are currently redesigned every
5 to 7 years, with some vehicles (like full-size vans) having longer redesign periods. However, in the most
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rule, NHTSA reviewed manufacturers’ planned redesign and refresh schedules as stated
in their confidential submissions and incorporated them into the market data file, or relied
on other sources of information where that data did not exist.

Even within the context of the phase-in caps discussed below, NHTSA considers these
model-by-model scheduling constraints of refresh and redesign schedules necessary in
order to produce an analysis that reasonably accounts for the need for a period of stability
following the redesign of any given vehicle model. If engineering, tooling, testing, and
other redesign-related resources were unlimited, every vehicle model could be redesigned
every year. In reality, however, every vehicle redesign consumes resources simply to
address the redesign, and thus cost expenditures occur. Phase-in caps, which are applied
at the level of a manufacturer’s entire fleet, do not, by themselves, constrain the
scheduling of changes to any particular vehicle model. Conversely, scheduling
constraints to address vehicle freshening and redesign do not necessarily yield realistic
overall penetration rates for a particular technology type (e.g., for strong hybrids), while
phase-in caps do. Thus, the two constraints work together in the model to ensure that the
timing and application rate for various fuel-saving technologies is feasible for
manufacturers on a year-by-year basis, as required by EPCA/EISA.'?

The baseline market data file, available on NHTSA’s website, contains the refresh and
redesign dates developed by NHTSA for this proposal. Table V-7 below provides
whether particular technologies are “anytime” technologies, “redesign only”
technologies, or “refresh or redesign” technologies, for purposes of this final rule.

competitive SUV and crossover vehicle segments, the redesign cycle currently averages slightly above 5
years. NHTSA concluded that the light truck redesign schedule will be shortened in the future due to
competitive market forces. Thus, for almost all light trucks scheduled for a redesign in the early portions of
the rulemaking period, NHTSA projected a 5-year redesign cycle.

128 49 U.S.C. § 32902(a) requires that NHTSA set CAFE standards at the maximum feasible level for each
fleet, for each model year.
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Table V-7. Technology Refresh and Redesign Application

Technology Abbr. Redesign Only | Redesign or Refresh | Anytime

Low Friction Lubricants - Level 1 LUB1 X
Engine Friction Reduction - Level 1 EFR1 X
Low Friction Lubricants and Engine Friction Reduction - Level 2 LUB2_EFR2 X
Variable Valve Timing (VVT) - Coupled Cam Phasing (CCP) on SOHC CCPS X
Discrete Variable Valve Lift (DVVL) on SOHC DVVLS X

Cylinder Deactivation on SOHC DEACS X
Variable Valve Timing (VVT) - Intake Cam Phasing (ICP) ICP X
Variable Valve Timing (VVT) - Dual Cam Phasing (DCP) DCP X
Discrete Variable Valve Lift (DVVL) on DOHC DVVLD X

Continuously Variable Valve Lift (CVVL) CVVL X

Cylinder Deactivation on DOHC DEACD X
Stoichiometric Gasoline Direct Injection (GDI) SGDI X

Cylinder Deactivation on OHV DEACO X
Variable Valve Actuation - CCP and DVVL on OHV VVA X

Stoichiometric Gasoline Direct Injection (GDI) on OHV SGDIO X

Turbocharging and Downsizing - Level 1 (18 bar BMEP) - Small Displacement TRBDS1_SD X

Turbocharging and Downsizing - Level 1 (18 bar BMEP) - Medium Displacement TRBDS1_MD X

Turbocharging and Downsizing - Level 1 (18 bar BMEP) - Large Displacement TRBDS1_LD X

Turbocharging and Downsizing - Level 2 (24 bar BMEP) - Small Displacement TRBDS2_SD X

Turbocharging and Downsizing - Level 2 (24 bar BMEP) - Medium Displacement TRBDS2_MD X

Turbocharging and Downsizing - Level 2 (24 bar BMEP) - Large Displacement TRBDS2_LD X

CEGR - Level 1 (24 bar BMEP) - Small Displacement CEGR1_SD X

CEGR - Level 1 (24 bar BMEP) - Medium Displacement CEGR1_MD X

CEGR - Level 1 (24 bar BMEP) - Large Displacement CEGR1_LD X

CEGR - Level 2 (27 bar BMEP) - Small Displacement CEGR2_SD X

CEGR - Level 2 (27 bar BMEP) - Medium Displacement CEGR2_MD X

CEGR - Level 2 (27 bar BMEP) - Large Displacement CEGR2_LD X

Advanced Diesel - Small Displacement ADSL_SD X

Advanced Diesel - Medium Displacement ADSL_MD X

Advanced Diesel - Large Displacement ADSL LD X

6-Speed Manual/Improved Internals 6MAN X

High Efficiency Gearbox (Manual) HETRANSM X

Improved Auto. Trans. Controls/Externals IATC X
6-Speed Trans with Improved Internals (Auto) NAUTO X

6-speed DCT DCT X

8-Speed Trans (Auto or DCT) 8SPD X

High Efficiency Gearbox (Auto or DCT) HETRANS X

Shift Optimizer SHFTOPT X
Electric Power Steering EPS X
Improved Accessories - Level 1 IACC1 X
Improved Accessories - Level 2 (w/ Alternator Regen and 70% efficient alternator) IACC2 X
12V Micro-Hybrid (Stop-Start) MHEV X

Integrated Starter Generator ISG X

Strong Hybrid - Level 1 SHEV1 X

Conversion from SHEV1 to SHEV2 SHEV1 2 X

Strong Hybrid - Level 2 SHEV2 X

Plug-in Hybrid - 30 mi range PHEV1 X

Plug-in Hybrid PHEV?2 X

Electric Vehicle (Early Adopter) - 75 mile range EV1 X

Electric Vehicle (Early Adopter) - 100 mile range EV2 X

Electric Vehicle (Early Adopter) - 150 mile range EV3 X

Electric Vehicle (Broad Market) - 150 mile range EV4 X

Fuel Cell Vehicle FCV X

Mass Reduction - Level 1 MR1 X
Mass Reduction - Level 2 MR2 X

Mass Reduction - Level 3 MR3 X

Mass Reduction - Level 4 MR4 X

Mass Reduction - Level 5 MR5 X

Low Rolling Resistance Tires - Level 1 ROLL1 X
Low Rolling Resistance Tires - Level 2 ROLL2 X
Low Rolling Resistance Tires - Level 3 ROLL3 X
Low Drag Brakes LDB X
Secondary Axle Disconnect SAX X
Aero Drag Reduction, Level 1 AERO1 X
Aero Drag Reduction, Level 2 AERO2 X
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Can the technology be applied to this vehicle? (division of vehicles into subclasses)

As part of its consideration of technological feasibility, the agency evaluates whether
each technology could be implemented on all types and sizes of vehicles, and whether
some differentiation is necessary in applying certain technologies to certain types and
sizes of vehicles, and with respect to the cost incurred and fuel consumption and CO;
emissions reduction achieved when doing so. The 2010 NAS Report differentiated
technology application using eight vehicle “classes” (4 car classes and 4 truck
classes).’”’NAS’s purpose in separating vehicles into these classes was to create groups
of “like” vehicles, i.e., vehicles similar in size, powertrain configuration, weight, and
consumer use, and for which similar technologies are applicable. NAS also used these
vehicle classes along with powertrain configurations (e.g., 4 cylinder, 6 cylinder or 8
cylinder engines) to determine unique cost and effectiveness estimates for each class of
vehicles.

NHTSA similarly differentiates vehicles by “subclass” for the purpose of applying
technologies to “like” vehicles and assessing their incremental costs and effectiveness.
These technology subclasses should not be confused with the regulatory classifications
pursuant to 49 CFR Part 523. NHTSA assigns each vehicle manufactured in the
rulemaking period to one of 12 subclasses: for passenger cars, Subcompact, Subcompact
Performance, Compact, Compact Performance, Midsize, Midsize Performance, Large,
and Large Performance; and for light trucks, Small SUV/Pickup/Van, Midsize
SUV/Pickup/Van, Large SUV/Pickup/Van, and Minivan. The agency seeks comment on
the appropriateness of these 12 subclasses for the MYs 2017-2025 timeframe.

For this NPRM, NHTSA divides the vehicle fleet into subclasses based on model inputs,
and applies subclass-specific estimates, also from model inputs, of the applicability, cost,
and effectiveness of each fuel-saving technology. The model’s estimates of the cost to
improve the fuel economy of each vehicle model thus depend upon the subclass to which
the vehicle model is assigned. Each vehicle’s subclass is stored in the market forecast
file. When conducting a compliance analysis, if the VVolpe model seeks to apply
technology to a particular vehicle, it checks the market forecast to see if the technology is
available and if the refresh/redesign criteria are met. If these conditions are satisfied, the
model determines the vehicle’s subclass from the market data file, which it then uses to
reference another input called the technology input file. NHTSA reviewed its
methodology for dividing vehicles into subclasses for purposes of technology application
that it used in the MY 2011 final rule and for the MY's 2012-2016 rulemaking, and
concluded that the same methodology would be appropriate for this NPRM for MY's
2017-2025. The methodology is as follows:

NHTSA examined the car and truck segments separately. First, for the car segment,
NHTSA plotted the footprint distribution of vehicles in the baseline vehicle fleet and
divided that distribution into four equivalent footprint range segments. The footprint
ranges were named Subcompact, Compact, Midsize, and Large classes in ascending
order. Cars were then assigned to one of these classes based on their specific footprint

129 The NAS classes included two-seater convertibles and coupes; small cars; intermediate and large cars;
high-performance sedans; unit-body standard trucks; unit-body high-performance trucks; body-on-frame
small and midsize trucks; and body
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size. Vehicles in each range were then manually reviewed by NHTSA staff to evaluate
and confirm that they represented a fairly reasonable homogeneity of size, weight,
powertrains, consumer use, etc. However, each group contained some vehicles that were
sports or high-performance models. Since different technologies and cost and
effectiveness estimates may be appropriate for these type vehicles, NHTSA employed a
performance subclass within each car subclass to maximize the accuracy of technology
application. To determine which specific cars would be assigned to the performance
subclasses, NHTSA graphed (in ascending rank order) the power-to-weight ratio for each
vehicle in a subclass. An example of the Compact subclass plot is shown below in Figure
V-16. The subpopulation was then manually reviewed by NHTSA staff to determine an
appropriate transition point between “performance” and “non-performance” models
within each class.
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Figure V-15. Power/Weight Ratio for Compact Subclass

Compact Subclass - P/W Ratio in Ascending Order
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A total of eight classes (including performance subclasses) were identified for the car
segment: Subcompact, Subcompact Performance, Compact, Compact Performance,
Midsize, Midsize Performance, Large and Large Performance. In total, the number of
cars that were ultimately assigned to a performance subclass was less than 10 percent.
Table V-6 provides examples of the types of vehicles assigned to each car subclass.
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Table V-8. Passenger Car Subclasses Example (MY 2008) Vehicles

Class Example vehicles

Subcompact Chevy Aveo, Hyundai Accent

Subcompact Performance | Mazda MX-5, BMW Z4

Compact Chevy Cobalt, Nissan Sentra and Altima

Compact Performance Audi S4, Mazda RX8

Midsize Chevy Impala, , Toyota Camry, Honda Accord,
Hyundai Azera

Midsize Performance Chevy Corvette, Ford Mustang (V8), Nissan G37
Coupe

Large Audi A8, Cadillac CTS and DTS

Large Performance Bentley Arnage, Daimler CL600

For light trucks, as in the MY's 2012-2016 final rule, NHTSA found less of a distinction
in the anticipated vehicle fleet during the model years covered by the rulemaking
between SUVs and pickup trucks than appeared to exist in earlier rulemakings. We
anticipate fewer ladder-frame and more unibody pickups, and that many pickups will
share common powertrains with SUVs. Thus, SUVs and pickups are grouped in the same
subclasses. Additionally, it made sense to carry forward NHTSA’s decision from the
MYs 2012-2016 final rule to employ a separate minivan class, because minivans (e.g.,
the Honda Odyssey) are more car-like and differ significantly in terms of structural and
other engineering characteristics as compared to other vans (e.g., Ford’s E-Series—also
known as Econoline—vans) intended for more passengers and/or heavier cargo and
which are more truck-like.

Thus, the remaining vehicles (other vans, pickups, and SUVs) were then segregated into
three footprint ranges and assigned a class of Small Truck/SUV, Midsize Truck/SUV,
and Large Truck/SUV based on their footprints. NHTSA staff then manually reviewed
each population for inconsistent vehicles based on engine cylinder count, weight (curb
and/or gross), or intended usage, since these are important considerations for technology
application, and reassigned vehicles to classes as appropriate. This system produced four
truck segment subclasses—minivans and small, medium, and large SUVs/Pickups/Vans.
Table V-7 provides examples of the types of vehicles assigned to each truck subclass.

Table V-9. Light Truck Subclasses Example (MY 2008) Vehicles

Class Example vehicles

Minivans Dodge Caravan, Toyota Sienna

Small Ford Escape & Ranger, Nissan Rogue
SUV/Pickup/Van

Midsize Chevy Colorado, Jeep Wrangler, Toyota Tacoma
SUV/Pickup/Van

Large Chevy Silverado, Ford E-Series, Toyota Sequoia
SUV/Pickup/Van
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As mentioned above, NHTSA employed this method for assigning vehicle subclasses for
this proposal after reviewing the process used in the MYs 2012-2016 final rule and
concluding that it continued to be a reasonable approach for purposes of this rulemaking.
NHTSA believes that this method continues to substantially improve the overall accuracy
of the results as compared to systems employed previously, due to the close manual
review by NHTSA staff to ensure proper assignments, the use of performance subclasses
in the car segment, and the condensing of subclasses in the truck segment, all of which
further refine the system without overly complicating the CAFE modeling process.
Nevertheless, NHTSA invites comments on the method of assigning vehicles to
subclasses for the purposes of technology application in the CAFE model, and on the
issue of technology-application subclasses generally. The agency is also seeking
comment on the continued appropriateness of maintaining separate “performance”
vehicle classes or if as fuel economy stringency increases the market for performance
vehicles will decrease.

We note that EPA uses different classifications in its Lumped Parameter Model (LPM),
OMEGA model, and cost analysis. Because the LPM uses only 6 vehicle classes, and
because NHTSA relied on EPA’s technology effectiveness estimates obtained through
the LPM analysis for this rulemaking in the interest of harmonization, NHTSA needed to
map its 12 vehicle subclasses into the LPM’s 6 vehicle classes for purposes of developing
subclass-specific technology effectiveness estimates. Table V-10 shows how NHTSA’s
vehicle classification lines up with EPA’s classifications for purposes of developing the
joint cost and effectiveness estimates.
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Table V-10 Mapping between NHTSA and EPA Vehicle Classifications

EPA Lumped
NHTSA/CAFE EPA Vehicle Class Parameter Example
model Classification | for Cost Purpose Model P
Classification
Subcompact
Subcompact Perf PC .
. P Subcompact Car Small Car Yaris
Compact
Compact Perf PC
Mid-size PC
Mid-size Perf PC Small Car Std Car Camry
Large PC
Large Perf PC Large Car Large Car Chrysler 300
Small LT Small Truck Small MPV Saturn Vue
Midsize LT Minivan with Dodge Grand
MinVan LT Towing Large MPV Caravan
Large LT Large Truck Truck Ford F150

How much of the technology can be applied to the fleet this year? (phase-in caps)

Besides the refresh/redesign cycles used in the VVolpe model, which constrain the rate of
technology application at the vehicle level so as to ensure a period of stability following
any modeled technology applications, the other constraint on technology application
employed in NHTSA’s analysis is “phase-in caps.” Unlike vehicle-level cycle settings,
phase-in caps constrain technology application at the vehicle manufacturer level.**°
Phase-in caps are intended to function as a proxy for a number of real-world limitations
in deploying new technologies in the auto industry. These limitations can include, but are
not intended to be limited to, engineering resources at the OEM or supplier level,
financial resources, restrictions on intellectual property that limit deployment, and/or
limitations in material or component supply as a market for a new technology develops.
The inclusion of phase-in caps helps to ensure that resource capacity and other limitations
are accounted for in the modeling process. At a high level, phase-in caps,
refresh/redesign cycles and the logic of the model itself work in conjunction with one
another to avoid the modeling process out-pacing an OEM’s limited pool of available
resources during the rulemaking time frame and the years leading up to the rulemaking
time frame, especially in years where many models may be scheduled for refresh or

130 While phase-in caps are expressed as specific percentages of a manufacturer’s fleet to which a
technology may be applied in a given model year, phase-in caps cannot always be applied as precise limits,
and the Volpe model in fact allows “override” of a cap in certain circumstances. When only a small
portion of a phase-in cap limit remains, or when the cap is set to a very low value, or when a manufacturer
has a very limited product line, the cap might prevent the technology from being applied at all since any
application would cause the cap to be exceeded. Therefore, the Volpe model evaluates and enforces each
phase-in cap constraint after it has been exceeded by the application of the technology (as opposed to
evaluating it before application), which can result in the described overriding of the cap.
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redesign. We emphasize that phase-in caps are not used to prescribe technology
application rates; to NHTSA, phase-in caps represent the maximum amount of
technology that the industry could apply in a given year recognizing the limitations
described above. Phase-in caps, in combination with other constraints, thus help to
ensure technological feasibility and economic practicability in determining the stringency
of the standards. Despite the available lead time, these constraints remain important for
this round of rulemaking: even though this rulemaking is being proposed 5 years before
it takes effect, OEM’s will still be utilizing their limited resources to meet the MYs 2012-
2016 CAFE standards.

NHTSA has been developing the concept of phase-in caps for purposes of the agency’s
modeling analysis over the course of the last several CAFE rulemakings, as discussed in
greater detail in the MY 2011 final rule,"* in the MY 2012-2016 final rule and Chapter 3
of the Joint TSD. The MYs 2012-2016 final rule, like the MY 2011 final rule, employed
non-linear phase-in caps (that is, caps that varied from year to year) that were designed to
respond to previously received comments on technology deployment.

For purposes of this NPRM, as in the MY 2011 and MY's 2012-2016 final rules, NHTSA
combines phase-in caps for some groups of similar technologies, such as valve phasing
technologies that are applicable to different forms of engine design (SOHC, DOHC,
OHV), since they are very similar from an engineering and implementation standpoint.
When the phase-in caps for two technologies are combined, the maximum total
application of either or both to any manufacturer’s fleet is limited to the value of the

cap. %2

In developing phase-in cap values for purposes of this NPRM, NHTSA reviewed the
MY's 2012-2016 final rule’s phase-in caps, which for the majority of technologies were
set to reach 85 or 100 percent by MY 2016, although more advanced technologies like
diesels and strong hybrids reached only 15 percent by MY 2016. The phase-in caps used
in the MY 2012-2016 final rule were developed to harmonize with the similar caps used
in EPA’s modeling, and reflected the fact that manufacturers, as part of the agreements
supporting the National Program, appeared to be anticipating higher technology
application rates than assumed by NHTSA in prior rulemaking analyses. NHTSA
determined that these phase-in caps for MY 2016 were still reasonable and thus used
those caps as the starting point for the MY's 2017-2025 phase-in caps. For many of the
carryover technologies, this means that for MYs 2017-2025 the phase-in caps are
assumed to be 100 percent. For the phase-in caps for the newly defined technologies that
will be entering the market just before or during the MYs 2017-2025 time frame, as
discussed in more detail in Chapter 3 of the Joint TSD, NHTSA, along with EPA, used
confidential OEM submissions, trade press articles, company publications and press
releases to estimate their values using engineering judgment,. For example, advanced
cooled EGR engines are assigned a phase-in cap of 3 percent per year through MY 2021,
and then 10 percent per year through 2025. The agency seeks comment on the

132 See 74 FR at 14270 (Mar. 30, 2009) for further discussion and examples.
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appropriateness of both the carryover phase-in caps and the newly defined ones proposed
in this NPRM.

Table V-10shows phase-in rates, on a year-by-year basis, for the technologies used in the
CAFE model for this NPRM analysis. Most technologies are available at a rate of either
85 percent or 100 percent beginning in 2016. Some advanced technologies expected to
enter the market in the near future, such as EGR Boost, follow a 3 percent annual cap
increase from 2016 to 2021, and then approximately 10 percent from 2021 to 2025.
Diesels follow an annual 3 percent increase in phase-in cap through 2025. Hybrids
follow a 3 percent annual increase from 2016 to 2012, then 5 percent from 2021 to 2015.
PHEVs and EVs follow a 1 percent annual cap increase.

Lower phase-in caps for Alternative Fueled Vehicles (AFVs) reflect additional
investment in infrastructure that is required to achieve high levels of conversion to a new
fuel type. These limited phase-in caps also reflect as-yet-unknown consumer responses
to HEVs, PHEVs and BEVs.
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Table V-11. Phase-in Caps for Technologles Used in 2017+ NPRM Analysis for CAFE Model

MY MY MY MY MY MY MY MY MY MY MY MY MY MY MY
Technology Abbr. 2009 2010 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Low Friction Lubricants - Level 1 LUB1 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Engine Friction Reduction - Level 1 EFR1 30% 40% 50% 60% 70% 80% 90% 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Low Friction Lubricants and Engine Friction Reduction - Level
2 LUB2_EFR2 0% 0% 0% 0% 0% 0% 0% 0% 12% | 24% | 36% | 48% | 60% | 72% | 84% | 96% | 100%
Variable Valve Timing (VVT) - CCP on SOHC CCPS 15% 25% 35% 45% 55% 65% 75% 85% 95% 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Discrete Variable Valve Lift (DVVL) on SOHC DVVLS 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Cylinder Deactivation on SOHC DEACS 15% 25% 35% 45% 55% 65% 75% 85% 95% 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Variable Valve Timing (VVT) - Intake Cam Phasing (ICP) ICP 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Variable Valve Timing (VVT) - Dual Cam Phasing (DCP) DCP 15% 25% 35% 45% 55% 65% 75% 85% 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Discrete Variable Valve Lift (DVVL) on DOHC DVVLD 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Continuously Variable Valve Lift (CVVL) CVVL 15% 25% 35% 45% 55% 65% 75% 85% 95% 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Cylinder Deactivation on DOHC DEACD 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Stoichiometric Gasoline Direct Injection (GDI) SGDI 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Cylinder Deactivation on OHV DEACO 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Variable Valve Actuation - CCP and DVVL on OHV VVA 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Stoichiometric Gasoline Direct Injection (GDI) on OHV SGDIO 15% 25% 35% 45% 55% 65% 75% 85% 95% 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Turbocharging and Downsizing - Level 1 (18 bar BMEP) - SD TRBDS1_SD 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Turbocharging and Downsizing - Level 1 (18 bar BMEP) -MD | TRBDS1 MD | 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Turbocharging and Downsizing - Level 1 (18 bar BMEP) - LD TRBDS1_LD 15% 25% 35% 45% 55% 65% 75% 85% 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Turbocharging and Downsizing - Level 2 (24 bar BMEP) - SD TRBDS2_SD 0% 0% 0% 3% 6% 9% 12% | 15% | 18% | 21% | 24% | 27% | 30% | 45% | 60% | 75% | 75%
Turbocharging and Downsizing - Level 2 (24 bar BMEP) - MD | TRBDS2_MD 0% 0% 0% 3% 6% 9% 12% 15% 18% 21% 24% 27% | 30% | 45% | 60% 75% 75%
Turbocharging and Downsizing - Level 2 (24 bar BMEP) - LD TRBDS2_LD 0% 0% 0% 3% 6% 9% 12% | 15% | 18% | 21% | 24% | 27% | 30% | 45% | 60% | 75% | 75%
CEGR- Level 1 (24 bar BMEP) — SD CEGR1_SD 0% 0% 0% 3% 6% 9% 12% | 15% | 18% | 21% | 24% | 27% | 30% | 45% | 60% | 75% | 75%
CEGR - Level 1 (24 bar BMEP) — MD CEGR1_MD 0% 0% 0% 3% 6% 9% 12% | 15% | 18% | 21% | 24% | 27% | 30% | 45% | 60% | 75% | 75%
CEGR - Level 1 (24 bar BMEP) — LD CEGR1_LD 0% 0% 0% 3% 6% 9% 12% | 15% | 18% | 21% | 24% | 27% | 30% | 45% | 60% | 75% | 75%
CEGR - Level 2 (27 bar BMEP) — SD CEGR2_SD 0% 0% 0% 0% 0% 0% 0% 0% 3% 6% 9% 12% | 15% | 25% | 35% | 45% | 50%
CEGR - Level 2 (27 bar BMEP) — MD CEGR2_MD 0% 0% 0% 0% 0% 0% 0% 0% 3% 6% 9% 12% | 15% | 25% | 35% | 45% | 50%
CEGR - Level 2 (27 bar BMEP) — LD CEGR2_LD 0% 0% 0% 0% 0% 0% 0% 0% 3% 6% 9% 12% | 15% | 25% | 35% | 45% | 50%
Advanced Diesel - Small Displacement ADSL_SD 0% 0% 0% 0% 3% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6%
Advanced Diesel - Medium Displacement ADSL_MD 0% 0% 0% 0% 3% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6%
Advanced Diesel - Large Displacement ADSL_LD 0% 0% 0% 0% 3% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6% 6%
6-Speed Manual/Improved Internals 6MAN 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
High Efficiency Gearbox (Manual) HETRANSM 0% 0% 0% 0% 0% 0% 0% 0% 12% | 24% | 36% | 48% | 60% | 72% | 84% | 96% | 100%
Improved Auto. Trans. Controls/Externals IATC 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
6-Speed Trans with Improved Internals (Auto) NAUTO 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
6-speed DCT DCT 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
8-Speed Trans (Auto or DCT) 8SPD 0% 0% 0% 0% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% | 100% | 100%
High Efficiency Gearbox (Auto or DCT) HETRANS 0% 0% 0% 0% 0% 0% 0% 0% 12% 24% 36% 48% 60% 2% 84% 96% 100%
Shift Optimizer SHFTOPT 0% 0% 0% 0% 0% 0% 0% 0% 20% | 40% | 60% | 80% | 100% | 100% | 100% | 100% | 100%
Electric Power Steering EPS 5% 20% 35% 50% 65% 80% 95% 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Improved Accessories - Level 1 IACC1 5% 20% | 35% | 50% | 65% | 80% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
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MY MY MY MY MY MY MY MY MY MY MY MY MY MY MY MY MY
Technology Abbr. 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Improved Accessories - Level 2 IACC2 0% 0% 0% 0% 0% 10% 20% | 30% | 40% | 50% 60% 70% 80% 90% | 100% | 100% | 100%
12V Micro-Hybrid (Stop-Start) MHEV 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Integrated Starter Generator ISG 0% 0% 0% 3% 6% 9% 12% 15% 18% 21% 24% 27% 30% 35% | 40% | 45% 50%
Strong Hybrid - Level 1 SHEV1 0% 0% 0% 3% 6% 9% 12% | 15% | 18% | 21% | 24% | 27% | 30% | 35% | 40% | 45% | 50%
Conversion from SHEV1 to SHEV2 SHEV1 2 0% 0% 0% 3% 6% 9% 12% | 15% | 18% | 21% | 24% | 27% | 30% | 35% | 40% | 45% | 50%
Strong Hybrid - Level 2 SHEV2 0% 0% 0% 3% 6% 9% 12% 15% 18% 21% 24% 27% 30% 35% 40% 45% 50%
Plug-in Hybrid - 30 mi range PHEV1 0% 0% 0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% | 11% | 12% | 13% | 14%
Plug-in Hybrid PHEV2 0% 0% 0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 11% 12% 13% 14%
Electric Vehicle (Early Adopter) - 75 mile range EV1 0% 0% 0% 1% 2% 3% 4% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5%
Electric Vehicle (Early Adopter) - 100 mile range EV2 0% 0% 0% 1% 2% 3% 4% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5%
Electric Vehicle (Early Adopter) - 150 mile range EV3 0% 0% 0% 1% 2% 3% 4% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5%
Electric Vehicle (Broad Market) - 150 mile range EV4 0% 0% 0% 0% 0% 0% 0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%
Fuel Cell Vehicle FCV 0% 0% 0% 0% 0% 0% 0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%
Mass Reduction - Level 1 MR1 15% 25% 35% 45% 55% 65% 75% 85% 95% 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Mass Reduction - Level 2 MR2 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Mass Reduction - Level 3 MR3 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Mass Reduction - Level 4 MR4 0% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% | 100% | 100% | 100% | 100% | 100%
Mass Reduction - Level 5 MR5 0% 0% 0% 0% 0% 0% 0% 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Low Rolling Resistance Tires - Level 1 ROLL1 20% | 35% | 50% | 65% | 80% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Low Rolling Resistance Tires - Level 2 ROLL2 0% 0% 0% 0% 0% 0% 0% 0% 15% 30% 45% 60% 75% 90% | 100% | 100% | 100%
Low Rolling Resistance Tires - Level 3 ROLL3 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Low Drag Brakes LDB 20% 35% 50% 65% 80% 95% 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Secondary Axle Disconnect SAX 15% | 25% | 35% | 45% | 55% | 65% | 75% | 85% | 95% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Aero Drag Reduction, Level 1 AERO1 30% 40% 50% 60% 70% 80% 90% 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Aero Drag Reduction, Level 2 AERO2 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
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Once the technology is applied, how much does it improve fuel economy? (effectiveness
estimates)

In the MY's 2012-2016 final rule, NHTSA and EPA based technology effectiveness estimates on
two primary sources: NHTSA’s 2011 final rule, which was supported by recommendations from
Ricardo, Inc. under contract to NHTSA; and EPA’s 2008 Staff Technical Report,m,which was
supported by vehicle simulation modeling performed by Ricardo in 2007.

EPA built upon its 2007 vehicle simulation work by again hiring Ricardo to perform additional
vehicle simulation modeling that could be used to derive the effectiveness estimates for this
proposal. Ricardo used its proprietary dynamic vehicle simulation model, which they developed
and implemented in MSC.EASY5™, for this simulation work. MSC.EASY5™ isa
commercially available software package used in industry for vehicle system analysis. In the
current study, Ricardo has expanded the technology list previously modeled and included the
following new engine and vehicle technologies:

Advanced, highly downsized, high BMEP turbocharged engine

High efficiency 8-speed automatic and DCT transmission

Optimized shift schedule to achieve best Brake Specific Fuel Consumption (BSFC)
Atkinson-cycle engines for hybrid vehicles

The new analysis also includes modeling of the following hybrid architectures used in the NPRM
analysis:

e Stop-start technology

e P2 hybl’ld

Detailed information about Ricardo’s work for this project can be found at Docket No, NHTSA-
2010-0131, and also in Section 3.3.1 of Chapter 3 of the draft joint TSD.

Because the Ricardo findings are for predefined packages/combinations of technologies, the
agencies needed a way to extract the individual effectiveness for each technology in order to be
able to apply them one at a time or create different packages/combinations of technologies. To
that end, EPA used the new Ricardo results to calibrate and update EPA’s Lumped Parameter
Model (LPM), available at Docket No. NHTSA 2010-0131.The lumped parameter tool is a
spreadsheet model used to develop the technology effectiveness estimates for this NPRM
analysis, that represents energy consumption in terms of average performance over the fuel
economy test procedure, rather than explicitly analyzing specific drive cycles. The tool begins
with an apportionment of fuel consumption across several loss mechanisms and accounts for the
average extent to which different technologies affect these loss mechanisms using estimates of
engine, drivetrain and vehicle characteristics that are averaged over the EPA fuel economy drive
cycle.

As part of the calibration/updating process, EPA adjusted the LPM inputs to ensure that the
results closely aligned with those of the Ricardo work. Thus the results of this analysis using the

133 EPA Staff Technical Report: Cost and Effectiveness Estimates of Technologies Used to Reduce Light-Duty
Vehicle Carbon Dioxide Emissions. EPA420-R-08-008, March 2008. (Docket NHTSA-2010-0131)
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LPM were generally consistent with Ricardo’s most recent full-scale vehicle simulation
modeling.*** Detailed information about how the LPM works and how EPA used it to develop
technology effectiveness values for this analysis can be found in Chapter 3 of the draft joint
TSD.

The technology effectiveness inputs used in the CAFE model for this analysis are based on
entirely on the outputs of the newly updated LPM, and thus incorporate the Ricardo simulation
work from 2007 and 2011. Table V-12 to Table V-22 below define how NHTSA mapped
technology effectiveness calculations from the LPM into CAFE model-specific inputs. The
LPM defines technologies specific to EPA’s OMEGA model so NHTSA had to create a process
of mapping technologies in the LPM that are consistent with those found in the CAFE model’s
decision trees. For example, to generate the effectiveness for the Improved Automatic
Transmission Controls/Externals (IATC) NHTSA had to enable both “Early Upshift” and
“Aggressive Torque Converter Lockup” in the LPM. NHTSA used this mapping technique to
calculate the absolute effectiveness of each technology relative to a baseline vehicle. NHTSA
then used these absolute effectiveness estimates, for each step in the decision trees, to calculate
the incremental effectiveness estimates for each technology, which is what the CAFE model
ultimately needs to analyze a heterogeneous fleet baseline fleet on a model year by model year
basis.

Table V-12. CAFE Model and LPM Mapping for Engine Technologies

(non-Valvetrain Dependent Engine Technologies)

NHTSA Techs LPM Selection
Model Years 2012-2016 2017+
LUB1 Low Fric Lubes Low Fric Lubes
EFR1 Low F.ric Lubes Low F.ric Lubes
EF Reduction (Level=1) | EF Reduction (Level=1)
LUB2_EFR2 EF Reduction (Level=2)

134 Regardless of a generally consistent set of results for the vehicle class and set of technologies studied, the lumped
parameter tool is not a full vehicle simulation and cannot replicate the physics of such a simulation.
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Table V-13. CAFE Model and LPM Mapping for Engine Technologies
(SOHC Path)

NHTSA Techs LPM Selection
Model Years 2012-2016 | 2017+
SOHC Path
Low Fric Lubes
CCPS EF Reduction (Level=1) EF Reduction (Level=2)
CCP CCP
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
DVVLS CCP CCP
DVVL DVVL
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
DEACS CCP CCP
DEAC DEAC
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
SGDI CCP CCP
DEAC DEAC
GDI (stoich) GDI (stoich)
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
DCP DCP
TFfth)IDafl DVVL _ DVVL _
GDI (stoich) GDiI (stoich)
Turbo/Downsize (gas engines
only) (Percent=33%) Turbo/Downsize (gas engines only) (Percent=33%)
EF Reduction (Level=2)
TRBDS2 bCP
24bar DVVL
GDI (stoich)
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
DCP
GDiI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGR2 DCP
27bar DVVL
GDI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=56%)
Adv Diesel _ Advanced Diesel (2020)
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Table V-14. CAFE Model and LPM Mapping for Engine Technologies
(DOHC DVVL Path)

NHTSA Techs LPM Selection
Model Years 2012-2016 2017+
DOHC DVVL Path
Low Fric Lubes
ICP EF Reduction (Level=1) EF Reduction (Level=2)
ICP ICP
Low Fric Lubes
DCP EF Reduction (Level=1) EF Reduction (Level=2)
DCP DCP
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
DVVLD DCP DCP
DVVL DVVL
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
DEACD DCP DCP
DEAC DEAC
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
SGDI DCP DCP
DEAC DEAC
GDlI (stoich) GDlI (stoich)
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
TRBDS1 DCP DCP
18bar DVVL DVVL
GDlI (stoich) GDI (stoich)
Turbo/Downsize (gas engines only) (Percent=33%) | Turbo/Downsize (gas engines only) (Percent=33%)
EF Reduction (Level=2)
DCP
TRe0s?
GDiI (stoich)
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
DCP
GDiI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGR2 DCP
27bar DVVL
GDI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=56%)
Adv Diesel Advanced Diesel (2020)
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Table V-15. CAFE Model and LPM Mapping for Engine Technologies
(DOHC CVVL Path)

NHTSA Techs LPM Selection
Model Years 2012-2016 | 2017+
DOHC CVVL Path
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
CVVL DCP DCP
CVVL CVVL
DEACD This is ignored because effectiveness is less than CVVL
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
SGDI DCP DCP
CVVL CVVL
GDI (stoich) GDI (stoich)
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
TRBDS1 DCP DCP
18bar DVVL DVVL
GDlI (stoich) GDI (stoich)
Turbo/Downsize (gas engines only) (Percent=33%) Turbo/Downsize (gas engines only) (Percent=33%)
EF Reduction (Level=2)
TRBDS2 DCP
24bar DVVL
GDiI (stoich)
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGR1 DCP
24bar DVVL
GDI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
DCP
GDiI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=56%)
Adv Diesel Advanced Diesel (2020)
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Table V-16. CAFE Model and LPM Mapping for Engine Technologies
(OHV Path)

NHTSA Techs LPM Selection
Model Years 2012-2016 | 2017+
OHV Path
Low Fric Lubes
DEACO EF Reduction (Level=1) EF Reduction (Level=2)
DEAC DEAC
Low Fric Lubes
VA EF Reduction (Level=1) EF Reduction (Level=2)
CCP CCP
DEACO DEACO
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
SGDI CCP CCP
DEACO DEACO
GDI (stoich) GDI (stoich)
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
TRBDS1 DCP DCP
18bar DVVL DVVL
GDI (stoich) GDlI (stoich)
Turbo/Downsize (gas engines only) (Percent=33%) | Turbo/Downsize (gas engines only) (Percent=33%)
EF Reduction (Level=2)
TRBDS2 DCP
24bar DVVL
GDlI (stoich)
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGR1 DCP
24bar DVVL
GDiI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
DCP
GDiI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=56%)
Adv Diesel Advanced Diesel (2020)
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Table V-17. CAFE Model and LPM Mapping for Transmission Technologies

NHTSA Techs LPM Selection
Model Years 2012-2016 2017+
IATC Early upshift (formerly ASL) Early upshift (formerly ASL)
Agg TC Lockup Agg TC Lockup
Baseline for the following technologies is 5-speed automatic transmission
6-spd gearbox 6-spd gearbox
NAUTO Early upshift (formerly ASL) Early upshift (formerly ASL)
Agg TC Lockup Agg TC Lockup
High efficiency gear box (auto) (Percent= 7%) | High efficiency gear box (auto) (Percent= 7%)
6-spd gearbox 6-spd gearbox
DCT Dry DCT Dry
DCT (Bry) Early upshift (formerly ASL) Early upshift (formerly ASL)
High efficiency gear box (auto) (Percent= 7%) | High efficiency gear box (auto) (Percent= 7%)
6-spd gearbox 6-spd gearbox
DCT (Wet) DCT Wet DCT Wet

Early upshift (formerly ASL)
High efficiency gear box (auto) (Percent= 7%)

Early upshift (formerly ASL)
High efficiency gear box (auto) (Percent= 7%)

8 SPD (Auto)

8-spd gearbox
Early upshift (formerly ASL)
High efficiency gear box (auto) (Percent= 7%)

8-spd gearbox
DCT Dry

8 SPD (Dry DCT) Early upshift (formerly ASL)
High efficiency gear box (auto) (Percent= 7%)
8-spd gearbox
DCT Wet
8 SPD (Wet DCT) Early upshift (formerly ASL)
High efficiency gear box (auto) (Percent= 7%)
(Additional Selection over previous selection)
HETRANS High efficiency gear box (auto) (Percent= 25%)
(Additional Selection over previous selection)
SHIFTOPT Optmized shift strategy™
Notes

* Make sure "Early upshift (formerly ASL)" is turned off.
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Table V-18. CAFE Model and LPM Mapping for Accessory Technologies

NHTSA Techs LPM Selection
EPS EPS
EPS
IACC1 Electric access (12v)
High eff alternator (70%)
EPS
Electric access (12v)
IACC2 High eff alternator (70%)
Alternator regen on braking
EPS
Electric access (12v)
('lﬂzt/' E\S/) High eff alternator (70%)
Alternator regen on braking
12V SS (idle off only)

Table V-19. CAFE Model and LPM Mapping for Strong Hybrid Technologies

(MY2012-2016 Technologies)

SHEV1 (non-towing)

(subcompact PC, compact PC with dry

SHEV1 (non-towing)

(midsize PC, large PC, small LT with

SHEV1 (towing)*

(Midsize LT, Minivan and Large LT with

DCT) wet DCT) ATX)
% or % or % or
Level Level Level
Low Fric Lubes Low Fric Lubes Low Fric Lubes
EF Reduction 1 EF Reduction 1 EF Reduction 1
DCP DCP DCP
DVVL DVVL DVVL
Turbo/Downsize (gas engines
only) 35%
6-spd gearbox 6-spd gearbox 6-spd gearbox
DCT Dry DCT Wet
Early upshift (formerly Early upshift (formerly
ASL) ASL) Early upshift (formerly ASL)
Agg TC Lockup
High efficiency gearbox High efficiency gearbox
(auto) 7% (auto) 7% High efficiency gearbox (auto) 7%
EPS EPS EPS
Electric access (12V) Electric access (12V) Electric access (12V)
High efficiency alternator High efficiency alternator High efficiency alternator
(70%) (70%) (70%)
GDI (stoich) GDI (stoich) GDI (stoich)
Motor Motor Motor
kw kw kW
Hybrid drivetrain 17 Hybrid drivetrain 24 Hybrid drivetrain 36
Atkinson cycle engine Atkinson cycle engine

Notes

*Vehicle with towing will have automatic transmission and non-Atkinson cycle engine with downsizing.




Table V-20. CAFE Model and LPM Mapping for Strong Hybrid Technologies
(MY2017+ Technologies)
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SHEV2 (non-towing)

(subcompact PC, compact PC with dry

SHEV2 (non-towing)

(midsize PC, large PC, small LT with

SHEV?2 (towing)*

(Midsize LT, Minivan and Large LT with

DCT) wet DCT) ATX)
% or % or % or
Level Level Level
EF Reduction 2 EF Reduction 2 EF Reduction 2
DCP DCP DCP
DVVL DVVL DVVL
Turbo/Downsize (gas engines
only) 48%
8-spd gearbox 8-spd gearbox 8-spd gearbox
DCT Dry DCT Wet
Optimized shift strategy Optimized shift strategy Optimized shift strategy
Agg TC Lockup
High efficiency gearbox High efficiency gearbox
(auto) 25% (auto) 25% High efficiency gearbox (auto) 25%
Alternator regen on braking Alternator regen on braking Alternator regen on braking
EPS EPS EPS
Electric access (12V) Electric access (12V) Electric access (12V)
High efficiency alternator High efficiency alternator High efficiency alternator
(70%) (70%) (70%)
GDI (stoich) GDI (stoich) GDI (stoich)
Motor Motor Motor
kw kw kW
Hybrid drivetrain 17 Hybrid drivetrain 24 Hybrid drivetrain 36

Atkinson cycle engine

Atkinson cycle engine

Notes

*Vehicle with towing will have automatic transmission and non-Atkinson cycle engine with downsizing.

Table V-21. CAFE Model and LPM Mapping for Plug-in Hybrid Technologies

(20-Mile Range)

PHEV 20 Mile PHEV 20 Mile
(subcompact PC, compact PC with dry DCT)|(midsize PC, large PC, small LT with wet DCT)
% or Level % or Level
EF Reduction 2 EF Reduction 2
DCP DCP
DVVL DVVL
8-spd gearbox 8-spd gearbox
DCT Dry DCT Wet
Optimized shift strategy Optimized shift strategy
High efficiency gearbox (auto) 25%  |High efficiency gearbox (auto) 25%
[Alternator regen on braking /Alternator regen on braking
EPS 100% [EPS 100%
Electric access (12V) Electric access (12V)
High efficiency alternator (70%) High efficiency alternator (70%)
GDI (stoich) GDI (stoich)
Motor kW Motor kW
Hybrid drivetrain 30  Hybrid drivetrain 30
IAtkinson cycle engine Atkinson cycle engine
Plug-In 40%  Plug-In 40%




Table V-22. CAFE Model and LPM Mapping for Plug-in Hybrid Technologies
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(40-Mile Range)

PHEV 40 Mile PHEV 40 Mile
(subcompact PC, compact PC with dry DCT) (midsize PC, large PC, small LT with wet DCT)
% or Level % or Level
EF Reduction 2 EF Reduction 2
DCP DCP
DVVL DVVL
8-spd gearbox 8-spd gearbox
DCT Dry DCT Wet
Optimized shift strategy Optimized shift strategy
High efficiency gearbox (auto) 25% High efficiency gearbox (auto) 25%
Alternator regen on braking Alternator regen on braking
EPS 100% EPS 100%
Electric access (12V) Electric access (12V)
High efficiency alternator (70%) High efficiency alternator (70%)
GDlI (stoich) GDlI (stoich)
Motor kW Motor kW
Hybrid drivetrain 30 Hybrid drivetrain 30
Atkinson cycle engine Atkinson cycle engine
Plug-In 63% Plug-In 63%

We note that the U.S. D.O.T. Volpe Center, which supports NHTSA in its CAFE rulemaking
work, has contracted with Argonne National Laboratory (ANL) to provide full vehicle
simulation modeling support for this MYs 2017-2025 rulemaking. While modeling was not
completed in time for use in this NPRM, NHTSA expects to use this modeling to validate and
possibly update technology effectiveness estimates and synergy factors as appropriate for the
CAFE model for the final rulemaking analysis. This simulation modeling will be accomplished
using ANL’s full vehicle simulation tool called “Autonomie,” which is the successor to ANL’s
Powertrain System Analysis Toolkit (PSAT) simulation tool, and ANL’s expertise with
advanced vehicle technologies.

Synergies

When two or more technologies are added to a particular vehicle model to improve its fuel
efficiency, the resultant fuel consumption reduction may sometimes be higher or lower than the
product of the individual effectiveness values for those items.** This may occur because one or
more technologies applied to the same vehicle partially address the same source (or sources) of
engine, drivetrain or vehicle losses. Alternately, this effect may be seen when one technology
shifts the engine operating points, and therefore increases or reduces the fuel consumption
reduction achieved by another technology or set of technologies. The difference between the
observed fuel consumption reduction associated with a set of technologies and the product of the

35 More specifically, the resultant is calculated as the products of the differences between the numeric value one
(i.e., 1.0) and the technology-specific levels of effectiveness in reducing fuel consumption (expressed as a numeric
value also, i.e., 10% = 0.10). For example, not accounting for interactions, if technologies A and B are estimated to
reduce fuel consumption by 10% (i.e., 0.1) and 20% (i.e., 0.2) respectively, the “product of the individual
effectiveness values” would be (1 —0.1) times (1 —0.2), or 0.9 times 0.8, which equals 0.72, corresponding to a
combined effectiveness of (1 - .72 = .28) or 28% rather than the 30% obtained by adding 10% to 20%. The
“synergy factors” discussed in this section further adjust these multiplicatively combined effectiveness values.
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individual effectiveness values in that set is referred to as a “synergy.” Synergies may be
positive (and thus result in greater fuel consumption reduction compared to the product of the
individual effects) or negative (and thus result in less fuel consumption reduction). An example
of a positive synergy might be a vehicle technology that reduces road loads at highway speeds
(e.g., lower aerodynamic drag or low rolling resistance tires), that could effectively extend the
vehicle operating range over which cylinder deactivation may be employed, thus allowing a
greater fuel consumption reduction than anticipated or predicted by analysis. An example of a
negative synergy might be a variable valvetrain technology, which reduces pumping losses by
altering the profile of the engine speed/load map, and a six-speed automatic transmission, which
shifts the engine operating points to a portion of the engine speed/load map where pumping
losses are less significant, leaving less opportunity for the combined technologies to decrease
fuel consumption. As the complexity of the technology combinations is increased, and the
number of interacting technologies grows accordingly, it becomes increasingly important to
account for these synergies.

Because NHTSA applies technologies individually in its modeling analysis, NHTSA
incorporates synergistic effects between pairings of individual technologies. The use of discrete
technology pair incremental synergies is similar to that in DOE’s National Energy Modeling
System (NEMS)."* Inputs to the CAFE model incorporate NEMS-identified pairs, as well as
additional pairs from the specific set of technologies considered in the CAFE model. For the
MY's 2012-2016 final rule and the MY 2011 final rule NHTSA used a modified version of the
lumped parameter tool to evaluate accurate synergy values. During the 2011 final rule analysis,
with the assistance of Ricardo, NHTSA modified the lumped parameter tool by updating the list
of technologies and their associated effectiveness values, and expanding the list of synergy
pairings based on further consideration of the technologies for which a competition for losses
would be expected, for the purposes of evaluating appropriate synergy values. For this proposal,
NHTSA used the version of the lumped parameter model as recently updated by EPA, as
discussed above, to evaluate appropriate synergy values.

As was done for the individual technology effectiveness estimates, NHTSA used the 6 unique
vehicle classes in the lumped parameter tool to evaluate the synergies for each if the 12 vehicle
subclasses. NHTSA systematically and thoroughly “walked” through the CAFE model’s
application of individual technologies, via the decision trees, to evaluate the synergies between
pairs of technologies. Once the synergies for a vast majority of the technology pairs were
generated, NHTSA iteratively evaluated hundreds of technology combinations, and all the steps
that build up to the different combinations, to ensure that these combinations of technologies
with their individual effectiveness estimates and corresponding synergy values resulted in overall
fuel consumptions reductions that closely aligned with the overall fuel consumption reductions
that were predicted by the lumped parameter tool. Basically, the lumped parameter tool was
used to calibrate the synergy values to make sure the overall fuel consumptions reductions for
the various combinations of technologies closely align with those predicted by the lumped
parameter tool. The agency paid special attention to technology combinations that the model
most often tends to form dynamically. This iterative process was conducted for each of the 6

13 U.S. Department of Energy, Energy Information Administration, Transportation Sector Module of the National
Energy Modeling System: Model Documentation 2009, June 2009, Washington, DC, DOE/EIAM070(2009), at 26-
27. Available at ftp://ftp.eia.doe.gov/modeldoc/m070(2009).pdf (last accessed Nov. 7, 2011).
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vehicle classes, utilized by the lumped parameter tool, to develop vehicle class specific synergy
factors. While the evaluation of technology combinations was not exhaustive, NHTSA believes
that the hundreds of combinations evaluated were more than adequate to ensure accurate results,
which replicate the results from the lumped parameter tool.

NHTSA notes that synergies that occur within a particular decision tree are already accounted for
within the incremental effectiveness values assigned for each technology, and therefore
additional synergy pairs for these technologies are not required. For example, all engine
technologies take into account the synergies that occur with the preceding/existing engine
technologies, and all transmission technologies take into account synergies of preceding
transmission technologies, etc. These synergy factors are accounted for in the fuel consumption
improvement estimates in the input files used by the CAFE model.

For applying incremental synergy factors in separate path technologies, i.e., between two or
more decision trees, the CAFE model uses an input table (see Table V-21 a-d) that lists
technology pairings and incremental synergy factors associated with those pairings (most of
which are between engine technologies and transmission/ electrification/hybrid technologies).
When a technology is applied to a vehicle by the CAFE model, all instances of that technology in
the incremental synergy table which match technologies already applied to the vehicle (either
pre-existing or previously applied by the CAFE model) are summed and applied to the fuel
consumption improvement factor of the technology being applied. Synergies between the strong
and plug-in hybrid technologies and transmission and electrification technologies are included in
the incremental value for the specific hybrid or plug-in hybrid technology because the model
applies technologies in the order of the most effectiveness for least cost and also applies all
available electrification and transmission technologies before applying strong and plug-in hybrid
technologies.
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Table V-23a Synergy pairings and values

Fuel Consumption Improvement Synergy values by Vehicle Class
Positive values are [positive] synergies, negative values are dissynergies. Blank
cells are assumed to be zero.

Subcompact Subcompact Compact Compact Midsize Midsize
Technology A | Technology B PC Perf. PC PC Perf. PC PC Perf. PC
DCP SHFTOPT -0.60% -0.60% -0.60% -0.60% -0.60% -0.60%
DCP IACC1 -0.20% -0.20% -0.20% -0.20% -0.40% -0.40%
DCP IACC2 -0.40% -0.40% -0.40% -0.40% -0.80% -0.80%
CCPS SHFTOPT -0.60% -0.60% -0.60% -0.60% -0.60% -0.60%
CCPS IACC1 -0.20% -0.20% -0.20% -0.20% -0.40% -0.40%
CCPS IACC2 -0.40% -0.40% -0.40% -0.40% -0.80% -0.80%
DVVLS IATC -0.40% -0.40% -0.40% -0.40% -0.60% -0.60%
DVVLS MHEV -0.50% -0.50% -0.50% -0.50% -0.30% -0.30%
DVVLS IACC2 -0.80% -0.80% -0.80% -0.80% -0.80% -0.80%
DVVLS 8SPD -0.70% -0.70% -0.70% -0.70% -0.70% -0.70%
DEACS IATC 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
DVVLD IATC -0.40% -0.40% -0.40% -0.40% -0.60% -0.60%
DVVLD MHEV -0.50% -0.50% -0.50% -0.50% -0.30% -0.30%
DVVLD IACC2 -0.80% -0.80% -0.80% -0.80% -0.80% -0.80%
DVVLD 8SPD -0.70% -0.70% -0.70% -0.70% -0.70% -0.70%
CVVL IATC -0.40% -0.40% -0.40% -0.40% -0.60% -0.60%
CVVL MHEV -0.50% -0.50% -0.50% -0.50% -0.30% -0.30%
CVVL IACC2 -0.80% -0.80% -0.80% -0.80% -0.80% -0.80%
CVVL 8SPD -0.70% -0.70% -0.70% -0.70% -0.70% -0.70%
DEACD IATC -0.40% -0.40% -0.40% -0.40% -0.40% -0.40%
DEACO IATC 0.00% 0.00% 0.00% 0.00% -0.60% -0.60%
DEACO MHEV -0.50% -0.50% -0.50% -0.50% -0.30% -0.30%
DEACO IACC1 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
DEACO IACC2 -0.80% -0.80% -0.80% -0.80% -0.80% -0.80%
DEACO 8SPD -0.70% -0.70% -0.70% -0.70% -0.70% -0.70%
VVA IATC -0.40% -0.40% -0.40% -0.40% -0.40% -0.40%
VVA SHFTOPT -0.60% -0.60% -0.60% -0.60% -0.60% -0.60%
VVA IACC1 -0.20% -0.20% -0.20% -0.20% -0.40% -0.40%
VVA IACC2 -0.40% -0.40% -0.40% -0.40% -0.80% -0.80%
TRBDS1_SD IATC -0.50% -0.50% -0.50% -0.50% -0.80% -0.80%
TRBDS1 MD IATC -0.50% -0.50% -0.50% -0.50% -0.80% -0.80%
TRBDS1 LD IATC -0.50% -0.50% -0.50% -0.50% -0.80% -0.80%
TRBDS1 SD SHFTOPT -0.20% -0.20% -0.20% -0.20% -0.70% -0.70%
TRBDS1 MD SHFTOPT -0.20% -0.20% -0.20% -0.20% -0.70% -0.70%
TRBDS1 LD SHFTOPT -0.20% -0.20% -0.20% -0.20% -0.70% -0.70%
TRBDS1 _SD 8SPD 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
TRBDS1 MD 8SPD 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
TRBDS1 LD 8SPD 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
TRBDS1 SD MHEV 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
TRBDS1 MD MHEV 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
TRBDS1 LD MHEV 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
TRBDS1 SD IACC2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
TRBDS1 MD IACC2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
TRBDS1 LD IACC2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
TRBDS2_SD NAUTO -0.50% -0.50% -0.50% -0.50% -1.20% -1.20%
TRBDS2_MD NAUTO -0.50% -0.50% -0.50% -0.50% -1.20% -1.20%
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Table V-21b Synergy pairings and values

Subcompact Subcompact Compact Compact Midsize Midsize
Technology A | Technology B PC Perf. PC PC Perf. PC PC Perf. PC
TRBDS2_LD NAUTO -0.50% -0.50% -0.50% -0.50% -1.20% -1.20%
TRBDS2_SD EPS -0.20% -0.20% -0.20% -0.20% 0.00% 0.00%
TRBDS2_MD EPS -0.20% -0.20% -0.20% -0.20% 0.00% 0.00%
TRBDS2_LD EPS -0.20% -0.20% -0.20% -0.20% 0.00% 0.00%
TRBDS2_SD IACC2 -0.10% -0.10% -0.10% -0.10% 0.00% 0.00%
TRBDS2_MD IACC2 -0.10% -0.10% -0.10% -0.10% 0.00% 0.00%
TRBDS2_LD IACC2 -0.10% -0.10% -0.10% -0.10% 0.00% 0.00%
CEGR1_SD IACC2 -0.20% -0.20% -0.20% -0.20% 0.00% 0.00%
CEGR1_MD IACC2 -0.20% -0.20% -0.20% -0.20% 0.00% 0.00%
CEGR1 LD IACC2 -0.20% -0.20% -0.20% -0.20% 0.00% 0.00%
CEGR2_SD NAUTO -0.60% -0.60% -0.60% -0.60% -0.80% -0.80%
CEGR2_MD NAUTO -0.60% -0.60% -0.60% -0.60% -0.80% -0.80%
CEGR2_LD NAUTO -0.60% -0.60% -0.60% -0.60% -0.80% -0.80%
DCT MHEV -0.30% -0.30% -0.30% -0.30% -0.30% -0.30%
SHFTOPT MHEV -0.30% -0.30% -0.30% -0.30% -0.30% -0.30%
ROLL1 AERO1 0.20% 0.20% 0.20% 0.20% 0.20% 0.20%
ROLL2 AERQO2 0.10% 0.10% 0.10% 0.10% 0.10% 0.10%
MR1 VVA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
MR1 DCP 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
MR1 CCPS 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
MR2 ROLL1 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
MR4 TRBDS1_SD 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
MR4 TRBDS1_MD 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
MR4 TRBDS1_LD 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
MR4 AERQO2 0.40% 0.40% 0.40% 0.40% 0.40% 0.40%
MR5 ROLL1 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
ADSL_SD IATC 1.0% 1.0% 1.0% 1.0% 1.0% 1.0%
ADSL_MD IATC 1.0% 1.0% 1.0% 1.0% 1.0% 1.0%
ADSL_LD IATC 1.0% 1.0% 1.0% 1.0% 1.0% 1.0%
NAUTO SAX -0.40% -0.40% -0.40% -0.40% -0.40% -0.40%
SHEV1 AERO2 1.0% 1.0% 1.0% 1.0% 1.4% 1.4%
SHEV1 ROLL1 0.7% 0.7% 0.7% 0.7% 0.8% 0.8%
SHEV1 MR2 -0.5% -0.5% -0.5% -0.5% -0.4% -0.4%
SHEV1 MR3 -0.2% -0.2% -0.2% -0.2% -0.1% -0.1%
SHEV1 MR4 -0.3% -0.3% -0.3% -0.3% -0.2% -0.2%
SHEV1 MR5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
SHEV1 2 AERO2 0.2% 0.2% 0.2% 0.2% -0.1% -0.1%
SHEV1 2 ROLL2 0.3% 0.3% 0.3% 0.3% 0.3% 0.3%
SHEV1 2 MR2 0.1% 0.1% 0.1% 0.1% -0.1% -0.1%
SHEV1 2 MR3 0.0% 0.0% 0.0% 0.0% -0.2% -0.2%
SHEV1 2 MR4 0.0% 0.0% 0.0% 0.0% -0.2% -0.2%
SHEV1 2 MR5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
SHEV?2 AERO2 1.2% 1.2% 1.2% 1.2% 1.3% 1.3%
SHEV?2 ROLL2 1.0% 1.0% 1.0% 1.0% 1.1% 1.1%
SHEV?2 MR2 -0.4% -0.4% -0.4% -0.4% -0.5% -0.5%
SHEV?2 MR3 -0.2% -0.2% -0.2% -0.2% -0.3% -0.3%
SHEV?2 MR4 -0.3% -0.3% -0.3% -0.3% -0.4% -0.4%
SHEV2 MR5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
PHEV1 AERO2 0.1% 0.1% 0.1% 0.1% 0.0% 0.0%
PHEV1 ROLL2 0.4% 0.4% 0.4% 0.4% 0.4% 0.4%
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Fuel Consumption Improvement Synergy values by Vehicle Class
Positive values are [positive] synergies, negative values are dissynergies. Blank
cells are assumed to be zero.

Large Perf.
Technology A | Technology B | Large PC PC Minivan LT | Small LT | Midsize LT | LargelLT
DCP SHFTOPT -0.80% -0.80% -0.8% -0.6% -0.8% -0.7%
DCP IACC1 -0.40% -0.40% -0.1% -0.3% -0.1% -0.4%
DCP IACC2 -0.80% -0.80% -0.6% -0.5% -0.6% -0.6%
CCPS SHFTOPT -0.80% -0.80% -0.8% -0.6% -0.8% -0.7%
CCPS IACC1 -0.40% -0.40% -0.1% -0.3% -0.1% -0.4%
CCPS IACC2 -0.80% -0.80% -0.6% -0.5% -0.6% -0.6%
DVVLS IATC -0.80% -0.80% -0.7% -0.5% -0.7% -0.5%
DVVLS MHEV -0.40% -0.40% -0.4% -0.2% -0.4% -0.7%
DVVLS IACC2 -0.90% -0.90% -0.7% -0.6% -0.7% -0.8%
DVVLS 8SPD -0.80% -0.80% -0.8% -0.6% -0.8% -0.6%
DEACS IATC 0.0% 0.0% 0.0% 0.0% 0.0% -0.1%
DVVLD IATC -0.70% -0.70% -0.5% -0.5% -0.5% -0.6%
DVVLD MHEV -0.40% -0.40% -0.4% -0.2% -0.4% -0.7%
DVVLD IACC2 -0.90% -0.90% -0.7% -0.6% -0.7% -0.8%
DVVLD 8SPD -0.80% -0.80% -0.8% -0.6% -0.8% -0.6%
CVVL IATC -0.70% -0.70% -0.5% -0.5% -0.5% -0.6%
CVVL MHEV -0.40% -0.40% -0.4% -0.2% -0.4% -0.7%
CVVL IACC2 -0.90% -0.90% -0.7% -0.6% -0.7% -0.8%
CVVL 8SPD -0.80% -0.80% -0.8% -0.6% -0.8% -0.6%
DEACD IATC -0.10% -0.10% -0.2% -0.3% -0.2% -0.1%
DEACO IATC -0.10% -0.10% -0.6% -0.1% -0.6% -0.1%
DEACO MHEV -0.40% -0.40% -0.4% -0.2% -0.4% -0.7%
DEACO IACC1 0.0% 0.0% -0.5% 0.0% -0.5% 0.0%
DEACO IACC2 -0.90% -0.90% -1.0% -0.6% -1.0% -0.8%
DEACO 8SPD -0.80% -0.80% -0.8% -0.6% -0.8% -0.6%
VVA IATC -0.70% -0.70% -0.6% -0.4% -0.6% -0.6%
VVA SHFTOPT -0.80% -0.80% -0.8% -0.6% -0.8% -0.7%
VVA IACC1 -0.40% -0.40% -0.1% -0.3% -0.1% -0.4%
VVA IACC2 -0.80% -0.80% -1.0% -0.5% -1.0% -0.6%
TRBDS1_SD IATC -0.50% -0.50% -0.5% -0.5% -0.5% -0.5%
TRBDS1_MD IATC -0.50% -0.50% -0.5% -0.5% -0.5% -0.5%
TRBDS1 LD IATC -0.50% -0.50% -0.5% -0.5% -0.5% -0.5%
TRBDS1_SD SHFTOPT -0.10% -0.10% -0.3% -0.3% -0.3% -0.3%
TRBDS1_MD SHFTOPT -0.10% -0.10% -0.3% -0.3% -0.3% -0.3%
TRBDS1 LD SHFTOPT -0.10% -0.10% -0.3% -0.3% -0.3% -0.3%
TRBDS1_SD 8SPD -0.40% -0.40% -0.4% -0.4% -0.4% -0.4%
TRBDS1 _MD 8SPD -0.40% -0.40% -0.4% -0.4% -0.4% -0.4%
TRBDS1 LD 8SPD -0.40% -0.40% -0.4% -0.4% -0.4% -0.4%
TRBDS1 SD MHEV -0.60% -0.60% -0.2% -0.1% -0.2% -0.6%
TRBDS1 _MD MHEV -0.60% -0.60% -0.2% -0.1% -0.2% -0.6%
TRBDS1 LD MHEV -0.60% -0.60% -0.2% -0.1% -0.2% -0.6%
TRBDS1_SD IACC2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
TRBDS1_MD IACC2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
TRBDS1 LD IACC2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
TRBDS2_SD NAUTO -0.50% -0.50% -0.5% -0.2% -0.5% -0.5%
TRBDS2_MD NAUTO -0.50% -0.50% -0.5% -0.2% -0.5% -0.5%
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Fuel Consumption Improvement Synergy values by Vehicle Class
Positive values are [positive] synergies, negative values are dissynergies. Blank
cells are assumed to be zero.

Large Perf.

Technology A | Technology B | Large PC PC Minivan LT | Small LT | Midsize LT | LargelLT
TRBDS2_LD NAUTO -0.50% -0.50% -0.5% -0.2% -0.5% -0.5%
TRBDS2_SD EPS -0.30% -0.30% -0.3% -0.3% -0.3% -0.3%
TRBDS2_MD EPS -0.30% -0.30% -0.3% -0.3% -0.3% -0.3%
TRBDS2_LD EPS -0.30% -0.30% -0.3% -0.3% -0.3% -0.3%
TRBDS2_SD IACC2 -0.50% -0.50% -0.3% -0.3% -0.3% -0.3%
TRBDS2_MD IACC2 -0.50% -0.50% -0.3% -0.3% -0.3% -0.3%
TRBDS2_LD IACC2 -0.50% -0.50% -0.3% -0.3% -0.3% -0.3%
CEGR1_SD IACC2 -0.20% -0.20% 0.0% 0.0% 0.0% 0.0%
CEGR1_MD IACC2 -0.20% -0.20% 0.0% 0.0% 0.0% 0.0%
CEGR1_LD IACC2 -0.20% -0.20% 0.0% 0.0% 0.0% 0.0%
CEGR2_SD NAUTO -0.60% -0.60% -0.8% -0.6% -0.8% -0.8%
CEGR2_MD NAUTO -0.60% -0.60% -0.8% -0.6% -0.8% -0.8%
CEGR2_LD NAUTO -0.60% -0.60% -0.8% -0.6% -0.8% -0.8%
DCT MHEV -0.30% -0.30% 0.0% -0.3% 0.0% 0.0%
SHFTOPT MHEV -0.30% -0.30% -0.3% -0.3% -0.3% -0.3%
ROLL1 AERO1 0.20% 0.20% 0.2% 0.2% 0.2% 0.1%
ROLL2 AERO2 0.10% 0.10% 0.3% 0.2% 0.3% 0.2%
MR1 VVA 0.20% 0.20% -0.1% 0.0% -0.1% 0.4%
MR1 DCP 0.20% 0.20% -0.1% 0.0% -0.1% 0.4%
MR1 CCPS 0.20% 0.20% -0.1% 0.0% -0.1% 0.4%
MR2 ROLL1 0.0% 0.0% 0.0% 0.1% 0.0% -0.1%
MR4 TRBDS1_SD 0.0% 0.0% 0.3% 0.3% 0.3% 0.6%
MR4 TRBDS1_MD 0.0% 0.0% 0.3% 0.3% 0.3% 0.6%
MR4 TRBDS1_LD 0.0% 0.0% 0.3% 0.3% 0.3% 0.6%
MR4 AERO2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
MR5 ROLL1 0.0% 0.0% 0.4% 0.5% 0.4% 0.4%
ADSL_SD IATC 1.2% 1.2% 0.8% 1.0% 0.8% 1.0%
ADSL_MD IATC 1.2% 1.2% 0.8% 1.0% 0.8% 1.0%
ADSL_LD IATC 1.2% 1.2% 0.8% 1.0% 0.8% 1.0%
NAUTO SAX -0.40% -0.40% -0.40% -0.40% -0.40% -0.40%
SHEV1 AERO2 1.4% 1.4% 1.4% 1.3% 1.4% 1.4%
SHEV1 ROLL1 0.8% 0.8% 0.9% 0.8% 0.9% 1.1%
SHEV1 MR2 -0.4% -0.4% -0.4% -0.4% -0.4% -0.4%
SHEV1 MR3 -0.2% -0.2% -0.1% -0.2% -0.1% -0.1%
SHEV1 MR4 -0.2% -0.2% -0.2% -0.1% -0.2% -0.2%
SHEV1 MR5 0.0% 0.0% -0.2% -0.2% -0.2% -0.2%
SHEV1 2 AERO2 0.0% 0.0% -0.1% 0.0% -0.1% -0.1%
SHEV1 2 ROLL2 0.9% 0.9% 0.7% 0.80% 0.7% 0.7%
SHEV1 2 MR2 0.0% 0.0% 0.2% 0.0% 0.2% 0.0%
SHEV1 2 MR3 -0.1% -0.1% -0.1% 0.0% -0.1% -0.1%
SHEV1 2 MR4 -0.1% -0.1% -0.1% -0.2% -0.1% 0.0%
SHEV1 2 MR5 0.0% 0.0% -0.1% -0.1% -0.1% 0.0%
SHEV?2 AERO2 1.4% 1.4% 1.3% 1.3% 1.3% 1.3%
SHEV?2 ROLL2 1.7% 1.7% 1.6% 1.6% 1.6% 1.8%
SHEV?2 MR2 -0.4% -0.4% -0.2% -0.4% -0.2% -0.4%
SHEV?2 MR3 -0.3% -0.3% -0.2% -0.2% -0.2% -0.2%
SHEV?2 MR4 -0.3% -0.3% -0.3% -0.3% -0.3% -0.2%
SHEV?2 MR5 0.0% 0.0% -0.3% -0.3% -0.3% -0.2%
PHEV1 AERO2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
PHEV1 ROLL2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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How much does the technology cost?
Direct Cost Estimates

As a general matter, the agencies believe that the best method to derive technology cost estimates
is to conduct studies involving tear-down and analysis of actual vehicle components. A “tear-
down” involves breaking down a technology into its fundamental parts and manufacturing
processes by completely disassembling actual vehicles and vehicle subsystems and precisely
determining what is required for its production. The result of the tear-down is a “bill of
materials” for each and every part of the vehicle or vehicle subsystem. This tear-down method
of costing technologies is often used by manufacturers to benchmark their products against
competitive products. Historically, vehicle and vehicle component tear-down has not been done
on a large scale by researchers and regulators due to the expense required for such studies.

While tear-down studies are highly accurate at costing technologies for the year in which the
study is intended, their accuracy, like that of all cost projections, may diminish over time as costs
are extrapolated further into the future because of uncertainties in predicting commodities (and
raw material) prices, labor rates, and manufacturing practices. The projected costs may be
higher or lower than predicted.

Over the past several years, EPA has contracted with FEV, Inc. and its subcontractor Munro &
Associates, to conduct tear-down cost studies for a number of key technologies evaluated by the
agencies in assessing the feasibility of future GHG and CAFE standards. The analysis
methodology included procedures to scale the tear-down results to smaller and larger vehicles,
and also to different technology configurations. FEV’s methodology was documented in a report
published as part of the MY 2012-2016 rulemaking process, detailing the costing of the first tear-
down conducted in this work (#1 in the below list).”>” This report was peer reviewed by experts
in the industry and revised by FEV in response to the peer review comments.*®® Subsequent
tear-down studies (#2-5 in the below list) were documented in follow-up FEV reports made
available in the public docket for the MY 2012-2016 rulemaking.™*®

Since then, FEV’s work under this contract work assignment has continued. Additional cost
studies have been completed and are available for public review.**® The most extensive study,
performed after the MY 2012-2016 final rule, involved whole-vehicle tear-downs of a 2010 Ford
Fusion power-split hybrid and a conventional 2010 Ford Fusion. (The latter served as a baseline
vehicle for comparison.) In addition to providing power-split HEV costs, the results for
individual components in these vehicles were subsequently used to cost another hybrid
technology, the P2 hybrid, which employs similar hardware. This approach to costing P2

B37U.S. EPA, “Light-Duty Technology Cost Analysis Pilot Study,” Contract No. EP-C-07-069, Work Assignment 1-
3, December 2009, EPA-420-R-09-020, Docket No. NHTSA-2010-0131

138 U.S. EPA, “Light-Duty Technology Cost Analysis Pilot Study Peer Review Report —Response to Comments
Document”, December 21, 2009, Docket No. NHTSA-2010-0131

139 U.S. EPA, “Light-duty Technology Cost Analysis — Report on Additional Case Studies,” Docket No. NHTSA-
2010-0131

YO EEV, Inc., “Light-Duty Technology Cost Analysis, Report on Additional Transmission, Mild Hybrid, and
Valvetrain Technology Case Studies", Contract No. EP-C-07-069, Work Assignment 3-3, November 2011, Docket
No. NHTSA-2010-0131
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hybrids was undertaken because P2 HEVs were not yet in volume production at the time of
hardware procurement for tear-down. Finally, an automotive lithium-polymer battery was torn
down and costed to provide supplemental battery costing information to that associated with the
NiMH battery in the Fusion. This HEV cost work, including the extension of results to P2
HEVs, has been extensively documented in a new report prepared by FEV.'*! Because of the
complexity and comprehensive scope of this HEV analysis, EPA commissioned a separate peer
review focused exclusively on it. Reviewer comments generally supported FEV’s methodology
and results, while including a number of suggestions for improvement which were subsequently
incorporated into FEV’s analysis and final report. The peer review comments and responses are
available in the rulemaking docket.'#? 143

Over the course of this entire work assignment, teardown-based studies were performed on each
of the technologies listed below. These completed studies provide a thorough evaluation of the
new technologies’ costs relative to their baseline (or replaced) technologies.

1. Stoichiometric gasoline direct injection (SGDI) and turbocharging with engine
downsizing (T-DS) on a DOHC (dual overhead cam) 14 engine, replacing a
conventional DOHC 14 engine.

SGDI and T-DS on a SOHC (single overhead cam) on a V6 engine, replacing a

conventional 3-valve/cylinder SOHC V8 engine.

SGDI and T-DS on a DOHC 14 engine, replacing a DOHC V6 engine.

6-speed automatic transmission (AT), replacing a 5-speed AT.

6-speed wet dual clutch transmission (DCT) replacing a 6-speed AT.

8-speed AT replacing a 6-speed AT.

8-speed DCT replacing a 6-speed DCT.

Power-split hybrid (Ford Fusion with 14 engine) compared to a conventional vehicle

(Ford Fusion with VV6). As explained, the results from this tear-down were extended

to address P2 hybrids. In addition, costs from individual components in this tear-

down study were also used by the agencies in developing cost estimates for PHEVs
and EVs.

9. Mild hybrid with stop-start technology (Saturn Vue with 14 engine), replacing a
conventional 14 engine. (As stated previously, this technology is not included as an
enabling technology in this analysis, although it is included as a baseline technology
because it exists in the 2008 baseline fleet).

10. Fiat Multi-Air engine technology. (Although results from this cost study are included
in the rulemaking docket, they were not used by the agencies in this rulemaking’s
technical analyses, because of the uncertainty related to industry-wide use due to
potential intellectual property issues.)

N

NG~ W

YLEEV, Inc., “Light-Duty Technology Cost Analysis, Power-Split and P2 HEV Case Studies”, Contract No. EP-C-
07-069, Work Assignment 3-3, EPA-420-R-11-015, November 2011, Docket No. NHTSA-2010-0131

Y2 ICF, “Peer Review of FEV Inc. Report “Light Duty Technology Cost Analysis, Power-Split and P2 Hybrid
Electric Vehicle Case Studies”, EPA-420-R-11-016, November 2011, Docket No. NHTSA-2010-0131

“SFEV, Inc. and U.S. EPA, “FEV Inc. Report ‘Light Duty Technology Cost Analysis, Power-Split and P2 Hybrid
Electric Vehicle Case Studies’, Peer Review Report — Response to Comments Document”, EPA-420-R-11-017,
November 2011, Docket No. NHTSA-2010-0131
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In addition, FEV and EPA extrapolated the engine downsizing costs for the following scenarios
that were based on the above study cases:

1. Downsizing a SOHC 2 valve/cylinder V8 engine to a DOHC V6.

2. Downsizing a DOHC V8 to a DOHC V6.

3. Downsizing a SOHC V6 engine to a DOHC 4 cylinder engine.

4. Downsizing a DOHC 4 cylinder engine to a DOHC 3 cylinder engine.

The agencies have relied on the findings of FEV for estimating the cost of each of the
technologies covered by the tear-down studies. However, we note that FEV based their costs on
the assumption that these technologies would be mature when produced in large volumes
(450,000 units or more for each component or subsystem). If manufacturers are not able to
employ the technology at the volumes assumed in the FEV analysis with fully learned costs, then
the costs for each of these technologies would be expected to be higher. There is also the
potential for stranded capital'* if technologies are introduced too rapidly for some indirect costs
to be fully recovered. Because the production of automotive components is capital-intensive, it
is possible for substantial capital investments in manufacturing equipment and facilities to
become “stranded” (where their value is lost, or diminished).

It is difficult to quantify accurately any capital stranding associated with new technology phase-
ins under the proposed standards because of the iterative dynamic involved — that is, the new
technology phase-in rate strongly affects the potential for additional cost due to stranded capital.
While the agencies consider the FEV tear-down analysis results to be generally valid for the
2017-2025 timeframe for fully mature, high sales volumes, in order to account for the possibility
of stranded capital costs, the agencies asked FEV to perform a separate analysis of potential
stranded capital costs associated with rapid phase-in of select technologies that FEV had already
torn down, using data from FEV’s primary teardown-based cost analyses. Detailed information
on how FEV performed this exercise and the results of this exercise can be found in Section
3.2.2.3 of Chapter 3 of the draft joint TSD, and we refer readers there for more information.

DOT has modified the CAFE model, if specified for a given technology, when that technology is
replaced by a newly applied technology, to apply a stream of costs representing the stranded
capital cost of the replaced technology. This cost is in addition to the cost for producing the
newly-applied technology. Because FEV assumed a ten year production life, for capital
depreciation, any time a technology evaluated by FEV is replaced before its tenth year of being
production, there is the potential for the stranding of capital. To account for this, the model
determines how long a technology has been applied by the model. If a technology has been
applied by the model for ten years or longer, the model does not apply these additional stranded
capital costs when or if that technology gets replaced. However, if a technology is being
replaced only five years after it was first applied by the model, then the model applies a stranded
capital cost. FEV derived stranded capital costs for situations where a technology is replaced
after three, five and eight years of production. FEV also assumed that for each of those years,
the stranded capital would be recouped over a five year period. NHTSA extrapolated the FEV
values to create a lookup table, Table V-22 below, which defines the stranded capital costs from

144 The potential for stranded capital occurs when manufacturing equipment and facilities cannot be used in the
production of a new technology.
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years one through ten. For example, if a 6-speed DCT (DCT) is replaced by an 8-speed
transmission (8SPD) 8 years after it was first applied, then the model will apply a cost of penalty
of $7.96 to the 8SPD technology for 5 years.

For some of the technologies, NHTSA’s inputs, which are designed to be as consistent as
practicable with EPA’s, indicate negative incremental costs. In other words, the agency is
estimating that some technologies, if applied in a manner that holds performance and utility
constant, will, following initial investment (for, e.g., R&D and tooling) by the manufacturer and
its suppliers, incrementally improve fuel savings and reduce vehicle costs. Nonetheless, in the
agency’s central analysis, these and other technologies are applied only insofar as is necessary to
achieve compliance with standards defining any given regulatory alternative (where the baseline
no action alternative assumes CAFE standards are held constant after MY2016). The agency has
also performed a sensitivity analysis involving market-based application of technology—that is,
the application of technology beyond the point needed to achieve compliance, if the cost of the
technology is estimated to be sufficiently attractive relative to the accompanying fuel savings.
NHTSA has invited comment on all of its technology estimates, and specifically requests
comment on the likelihood that each technology will, if applied in a manner that holds vehicle
performance and utility constant, be able to both deliver the estimated fuel savings and reduce
vehicle cost. The agency also invites comment on whether, for the final rule, its central analysis
should be revised to include estimated market-driven application of technology.
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Table V-24 Stranded Capital Costs

Stranded Capital Cost Table

Year Year Year Year Year Year Year Year Year Year
Technology Abbr. 1 2 3 4 5 6 7 8 9 10
Low Friction Lubricants - Level 1
ow Friction Lubricants - Leve LUBL $- $- $- $- $- $- $- $- $- $-
Engine Friction Reduction - Level 1
ngine Friction Reduction - Leve EFRL $- ) $- ) $- $- ) $- $- $-
Low Friction Lubricants and Engine Friction
Reduction - Level 2 LUB2 EFR2 $ - $ - $- $ - $ - $ - $- $- $- $-
Variable Valve Timing (VVT) - Coupled Cam
Phasing (CCP) on SOHC CCPS $- $- $- $- $- $- $- $- $- $-
Discrete Variable Valve Lift (DVVL) on SOHC
iscrete Variable Valve Lift (| )on DVVLS $- $- $- $- $- $- $- $- $- $-
Cylinder Deactivati SOHC
ylinder Deactivation on DEACS $- $- $- $- $- $- $- $- $- $-
Variable Valve Timing (VVT) - Intake Cam
Phasing (ICP) ICP $- $- $- $- $- $- $- $- $- $-
Variable Valve Timing (VVT) - Dual Cam
Phasing (DCP) DCP $- $- $- $- $- $- $- $- $- $-
Discrete Variable Valve Lift (DVVL DOHC
iscrete Variable Valve Lift (| )on DVVLD $- $- $- $- $- $- $- $- $- $-
Continuously Variable Valve Lift (CVVL
y (Wb cwwL $- | - | s | s- | s- | s | s- | - | s- | s-
Cylinder Deactivati DOHC
yiineer eacTvaion on DEACD $- | s- | $- | $- | $- | $- | $- | $- | s- | 8-
Stoichiometric Gasoline Direct Injection (GDI
Jection (GD) SGDI $- | s- | s | $- | $- | s- | $- | $- | s- | s-
Cylinder Deactivation on OHV
Y DEACO $- | $- | $- | $- | $- | $- | $- | $- | $- | $-
Variable Valve Actuation - CCP and DVVL on
OHV VVA $- $- $- $- $- $- $- $- $- $-
Stoichiometric Gasoline Direct Injection (GDI)
on OHV SGDIO $- $- $- $- $- $- $- $- $- $-
Turbocharging and Downsizing - Level 1 (18
bar BMEP) - Small Displacement TRBDS1_SD $- $- $- $- $- $- $- $- $- $-
Turbocharging and Downsizing - Level 1 (18
bar BMEP) - Medium Displacement TRBDS1_MD $- $- $- $- $- $- $- $- $- $-
Turbocharging and Downsizing - Level 1 (18
bar BMEP) - Large Displacement TRBDS1_LD $- $- $- $- $- $- $- $- $- $-
Turbocharging and Downsizing - Level 2 (24
bar BMEP) - Small Displacement TRBDS2_SD $- $- $- $- $- $- $- $- $- $-
Turbocharging and Downsizing - Level 2 (24
bar BMEP) - Medium Displacement TRBDS2_MD $- $- $- $- $- $- $- $- $- $-
Turbocharging and Downsizing - Level 2 (24
bar BMEP) - Large Displacement TRBDS2_LD $- $- $- $- $- $- $- $- $- $-
Cooled Exhaust Gas Recirculation (EGR) -
Level 1 (24 bar BMEP) - Small Displacement CEGR1_SD $- $- $- $- $- $- $- $- $- $-
Cooled Exhaust Gas Recirculation (EGR) -
Level 1 (24 bar BMEP) - Medium Displacement CEGR1_MD $- $- $- $- $- $- $- $- $- $-
Cooled Exhaust Gas Recirculation (EGR) -
Level 1 (24 bar BMEP) - Large Displacement CEGR1_LD $72.65 | $64.51 | $56.37 | $48.32 | $40.26 | $32.21 | $24.16 | $16.11 | $8.06 $-
Cooled Exhaust Gas Recirculation (EGR) -
Level 2 (27 bar BMEP) - Small Displacement CEGR2_SD $- $- $- $- $- $- $- $- $- $-
Cooled Exhaust Gas Recirculation (EGR) -
Level 2 (27 bar BMEP) - Medium Displacement CEGR2_MD $- $- $- $- $- $- $- $- $- $-
Cooled Exhaust Gas Recirculation (EGR) -
Level 2 (27 bar BMEP) - Large Displacement CEGR2_LD $- $- $- $- $- $- $- $- $- $-
Advanced Diesel - Small Displacement
P ADSL_SD $- $- $- $- $- $- $- $- $- | 8-
Advanced Diesel - Medium Displacement
v ' um Disp ADSL_MD $- $- $- $- $- $- $- $- $- | 8-
Advanced Diesel - Large Displacement
v ' geisp ADSL_LD $- $- $- $- $- $- $- $- $- $-
6-Speed Manual/mproved Internals SMAN $35.82 | $31.84 | $27.86 | $23.88 | $19.90 | $15.92 | $11.94 | $7.96 | $3.98 | $-
High Efficiency Gearbox (Manual
'gh Efticiency x (Manual) HETRANSM | §- $- $- $- $- $- $- $- $- $-
I d Auto. Trans. Controls/External
mproved Auto. Trans. Controls/Externals IATC $- $- $- $- $- $- $- $- $- $-
- T ith | | Is (A
6-Speed Trans with Improved Intemals (Auto) NAUTO $79.19 | $66.94 | $54.68 | $46.87 | $30.06 | $31.25 | $23.43 | $1562 | $7.81 | $-
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6-speed DCT DCT $35.82 | $31.84 | $27.86 | $23.88 | $19.90 | $15.92 | $11.94 | $7.96 | $3.98 | $-
8-Speed Trans (Auto or DCT) 8SPD $35.82 | $31.84 | $27.86 | $23.88 | $19.90 | $1592 | $11.94 | $7.96 | $3.98 | $-
High Efficiency Gearbox (Auto or DCT) HETRANS $- $- $- $- $- $- $- $- $- $-
Shift Optimizer SHETOPT $- | s- | s- | s- | s- | s- | s- | $- | s- [ s-
Electric Power Steering EPS $- $- $- $- $- $- $- $- $- $-
Improved Accessories - Level 1 IACC1L $- - $- $- $- $- $- $- $- $-
Improved Accessories - Level 2 (w/ Alternator

Regen and 70% efficient alternator) IACC2 $- $- $- $- $- $- $- $- $- $-
12V Micro-Hybrid (Stop-Start) MHEV $- $- $- $- $- $- $- $- $- $-
Integrated Starter Generator 1SG - $- $- $- $- $- $- $- $ - $-
Strong Hybrid - Level 1 SHEV1 $- $- $- $- $- $- $- $- $- $-
Conversion from SHEV1 to SHEV2 SHEV1 2 $- - $- $- $- $- $- $- $- $-
Strong Hybrid - Level 2 SHEV2 $- $- $- $- $- $- $- $- $- $-
Plug-in Hybrid - 30 mi range PHEV1 $- $- $- $- $- $- $- $- $- $ -
Plug-in Hybrid PHEV2 $- | - | $- | s- | s- | $- | s- | $- | $- | s-
Electric Vehicle (Early Adopter) - 75 mile range EV1 $- $- $- $- $- $- $- $- $- $-
Electric Vehicle (Early Adopter) - 100 mile

range EV2 $- $- $- $- $- $- $- $- $- $-
Electric Vehicle (Early Adopter) - 150 mile

range EV3 $- $- $- $- $- $- $- $- $- $-
Electric Vehicle (Broad Market) - 150 mile

range _ EV4 $- $- $- $- $- $- $- $- $- $-
Fuel CeIIVer-ucIe FCV $- $- $- $- $- $- $- $- $- $ -
Mass Reduct!on- Level 1 MR1 $- $- $- $- $- $- $- $- $- $-
Mass Reduct!on - Level 2 MR2 $- $- $- $- $- $- $- $- $- $ -
Mass Reductfon - Level 3 MR3 $- $- $- $- $- $- $- $- $- $-
Mass Reduction - Level 4 MR4 $- - $- $- $- $- $- $- $- $-
Mass Reduction - Level 5 MR5 $- $- $- $- $- $- $- $- $- $-
Low Rolling Resistance Tires - Level 1 ROLL1 $- $- $- $- $- $- $- $- $- $-
Low Rolling Resistance Tires - Level 2 ROLL2 $- - $- $- $- $- $- $- $- $-
Low Rolling Resistance Tires - Level 3 ROLL3 $- $- $- $- $- $- $- $- $- $-
Low Drag Brakes LDB $- - $- $- $- $- $- $- $- $-
Secondary Axle Disconnect SAX $- $- $- $- $- $- $- $- $- $-
Aero Drag Reduction, Level 1 AEROL $- - $- $- $- $- $- $- $- $-
Aero Drag Reduction, Level 2 AERO? $- $- - $- $- $- $- $- $- $-

Learning Curves

The agency uses learning curves to account for the cost reductions that manufacturers realize

through experiential learning achieved through applying technologies. A complete discussion on

the development and application of learning curves can be found in Chapter VI of this PRIA.

Indirect Cost Multiplier

Indirect costs were accounted for through the application of Indirect Cost Multipliers (ICMs),

which were created by EPA. ICMs were applied to each technology’s year-by-year direct cost to
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arrive at its total compliance cost, which are the costs used for modeling purposes. A full
discussion of the development and application of the ICMs for purposes of this analysis can be
found in Chapter VII of this PRIA.

What specific technologies did NHTSA considered for application in this rulemaking, and
what are NHTSA’s estimates of their incremental costs and effectiveness?

ICE Engine Technologies
What is an Internal Combustion Engine (ICE)?

Most passenger cars and light trucks in the U.S. have gasoline-fueled spark ignition internal
combustion engines. These engines move the vehicle by converting the chemical energy in
gasoline fuel to useful mechanical work output as shaft torque and power delivered to the
transmission and to the vehicle’ s driving wheels. Vehicle fuel economy is directly
proportional to the efficiency of the engine. Two common terms are used to define the
efficiency of an engine are (1) Brake Specific Fuel Consumption (BSFC), which is the ratio of
the mass of fuel used to the output mechanical energy; and (2) Brake Thermal Efficiency
(BTE), which is the ratio of the fuel chemical energy, known as calorific value, to the output
mechanical energy.

The efficiency of an automotive spark ignition engine varies considerably with the rotational
speed and torque output demanded from the engine. The most efficient operating condition for
most current engine designs occurs around medium speed (30-50 percent of the maximum
allowable engine rpm) and typically between 70-85 percent of maximum torque output at that
speed. At this operating condition, BTE is typically 33-36 percent. However, at lower engine
speeds and torque outputs, at which the engine operates in most consumer vehicle use and on
standardized drive cycles, BTE typically drops to 20-25 percent.

Spark ignition engine efficiency can be improved by reducing the energy losses that occur
between the point of combustion of the fuel in the cylinders to the point where that energy
reaches the output crankshaft. Reduction in this energy loss results in a greater proportion of the
chemical energy of the fuel being converted into useful work. For improving engine efficiency
at lighter engine load demand points, which are most relevant for CAFE fuel economy, the
technologies that can be added to a given engine may be characterized by which type of energy
loss is reduced. The main types of energy losses that can be reduced in gasoline engines to
improve fuel economy are exhaust energy losses, engine friction losses, and gas exchange losses.
Converting the gasoline engine to a diesel engine can also reduce heat losses.

How can ICE efficiency be improved?
Exhaust Energy Loss Reduction
Exhaust energy includes the kinematic and thermal energy of the exhaust gases, as well as the

wasted chemical energy of unburned fuel. These losses represent approximately 32 percent of
the initial fuel chemical energy and can be reduced in three ways: first, by recovering
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mechanical or electrical energy from the exhaust gases; second, by improving the hydrocarbon
fuel conversion; and third, by improving the cycle thermodynamic efficiency. The
thermodynamic efficiency can be improved by either increasing the engine’s compression ratio
or by operating with a lean air/fuel ratio.

Engine Friction Loss Reduction

Friction losses can represent a significant proportion of the global losses at low load. These
losses are dissipated through the cooling system in the form of heat. Besides via direct reduction
measures, friction can also be reduced through downsizing the engine by means of increasing the
engine-specific power output.

Gas Exchange Loss Reduction

The energy expended while delivering the combustion air to the cylinders and expelling the
combustion products is known as gas exchange loss, commonly referred to as pumping loss. The
main source of pumping loss in a gasoline engine is the use of an inlet air throttle, which
regulates engine output by controlling the pre-combustion cylinder air pressure, but which is an
inefficient way to achieve this pressure control. A more efficient way of controlling the cylinder
air pressure is to modify the valve timing or lift. Another way to reduce the average pumping
losses is to “downsize” the engine, making it run at higher loads or higher pressures.

Several different technologies target pumping loss reduction, but the fuel consumption reduction
from these technologies is not necessarily cumulative. Once most of the pumping work has been
eliminated, adding further technologies that also target reduced pumping loss will have little
additional effectiveness. Thus, in the decision trees used for this analysis, the effectiveness value
shown for additional technologies targeting pumping loss depends on the existing technology
combination already present on the engine.

What technologies can improve fuel efficiency for both gasoline and diesel ICES?
Low Friction Lubricants (LUB)

One of the most basic methods of reducing fuel consumption in gasoline engines is the use of
lower viscosity engine lubricants. More advanced multi-viscosity engine oils are available today
with improved performance in a wider temperature band and with better lubricating properties.
This can be accomplished by changes to the oil base stock (e.g., switching engine lubricants from
a Group | base oils to lower-friction, lower viscosity Group Il synthetic) and through changes to
lubricant additive packages (e.g., friction modifiers and viscosity improvers). The use of 5W-30
motor oil is now widespread and auto manufacturers are introducing the use of even lower
viscosity oils, such as 5W-20 and OW-20, to improve cold-flow properties and reduce cold start
friction. However, in some cases, changes to the crankshaft, rod and main bearings and changes
to the mechanical tolerances of engine components may be required. In all cases, durability
testing would be required to ensure that durability is not compromised. The shift to lower
viscosity and lower friction lubricants will also improve the effectiveness of valvetrain
technologies such as cylinder deactivation, which rely on a minimum oil temperature (viscosity)
for operation.
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Several manufacturers have previously commented confidentially, that low friction lubricants
could have an effectiveness value between 0 to 1 percent. The agencies used the average
effectiveness of 0.5 in the MY's 2012-2016 final rule. For purposes of this proposal, the agencies
relied on the lumped parameter model and determined that the range for the effectiveness of low
friction lubricant is 0.5 to 0.8 percent.

In the 2012-2016 rule, the 2010 TAR and the recent HD GHG rule, EPA and NHTSA
used a direct manufacturing cost (DMC) of $3 (2007$), and considered that cost to be
independent of vehicle class since the engineering work required should apply to any engine
size. The agencies continue to believe that this cost is appropriate and have updated it to $3
(2009$) for this analysis'*®. No learning is applied to this technology, so the DMC remains $3
year-over-year. The agencies have used a low complexity short-term ICM of 1.24 for this
technology through 2018, and a long-term ICM of 1.19 thereafter. The resultant costs are shown
in Table V-25.14°

Table V-25 Costs for Engine Modifications to Accommodate Low Friction Lubes (2009%)

Cost | Engine | 117 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
type type

DMC All $3 $3 $3 $3 $3 $3 $3 $3 $3
IC All $1| 1| $1| $1| $1| s$1| $1| $1| 9L
TC All $4 $4 $4 $4 $4 $4 $4 $4 $4

DMC=Direct manufacturing cost; IC=Indirect cost; TC=Total cost; all costs are
incremental to the baseline engine.

Engine Friction Reduction Level | and Il (EFR1and LUB2_EFR2)

In addition to low friction lubricants, manufacturers can also reduce friction and improve fuel
consumption by improving the design of engine components and subsystems. Approximately 10
percent of the energy consumed by a vehicle is lost to friction, and just over half is due to
frictional losses within the engine.**” Examples include improvements in low-tension piston
rings, piston skirt design, roller cam followers, improved crankshaft design and bearings,
material coatings, material substitution, more optimal thermal management, and piston and
cylinder surface treatments. Additionally, as computer-aided modeling software continues to
improve, more opportunities for evolutionary friction reductions may become available.

All reciprocating and rotating components in the engine are potential candidates for friction
reduction, and minute improvements in several components can add up to a measurable fuel
economy improvement. In the MY's 2012-2016 final rule, the agencies relied on the 2002 NAS,
NESCCAF and EEA reports as well as confidential manufacturer data that suggested a range of
effectiveness for engine friction reduction to be between 1 to 3 percent. Because of the

15 The cost was updated to 2009%. However, due to rounding to the whole dollar amount it still $3.

1% Note that the costs developed for low friction lubes for this analysis reflect the costs associated with any engine
changes that would be required as well as any durability testing that may be required.

Y7 “Impact of Friction Reduction Technologies on Fuel Economy,” Fenske, G. Presented at the March 2009
Chicago Chapter Meeting of the ‘Society of Tribologists and Lubricated Engineers’ Meeting, March 18th, 2009.
Available at: http://www.dtic.mil/cgi-bin/GetTRDoc?L ocation=U2&doc=GetTRDoc.pdf& AD=ADA508227 (last
accessed November 13, 2011)
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incremental nature of the CAFE model, NHTSA used the narrower range of 1 to 2 percent,
which resulted in an average effectiveness of 1.5 percent. For this rulemaking analysis, based on
the 2011 Ricardo study, the effectiveness for engine friction reduction range has been increased
to 2.0 to 2.7 percent incremental to low friction lubricant 1 (LUB1).

Additionally, for this proposal, the agencies have added a second level of incremental
improvements in low friction lubricants and engine friction reduction (LUB2_EFR2). This
LUB2_EFR2 includes some additional effectiveness improvements to low friction lubricant,
relative to the low friction lubricant technology discussed above, based on assumptions based on
manufacturer statements that further improvements will be made to low friction lubricants. The
technologies for this second level of engine friction reduction and low friction lubricants are
considered to be available for purposes of this analysis only after MY 2017. The effectiveness
for this second level, relative to the base engine, is 3.4 to 4.8 percent based on the lumped
parameter model. However, because of the incremental nature of the CAFE model, NHTSA used
the effectiveness range of 0.83 to 1.37 percent incremental to the first level of engine friction
reduction (EFR1) and low friction lubricants (LUB1).

In the 2012-2016 rule, the 2010 TAR and the HD GHG final rule, NHTSA and EPA used
a cost estimate of $11.71 (2007$) per cylinder as the direct manufacturing cost for EFR1, which
is $12 (updated to 20098%) per cylinder in this analysis. No learning is applied to this technology,
so the DMC remains $12 (2009%) year-over-year. The agencies have used a low complexity
ICM of 1.24 for this technology through 2018 and a long-term ICM of 1.19 thereafter. The
resultant costs are shown in

Table V-26.

Table V-26 Costs for Engine Friction Reduction — Level 1 (EFR1) (2009%)

Cost | Engine | 517 | 9018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
type type

DMC 13 $35| $35| $35| $35| $35| $35| $35| $35| $35
DMC 14 $47 | $47| $47| $47| $47| $47| $47| $47| $47

DMC V6 $70| $70| $70| $70| $70| $70| $70| $70| $70
DMC V8 $93 | $93 | $93 | $93 | $93 | $93 | $93 | $93 | $93

IC 13 $8| $8| $7| $7| $7| $7| $7| $7| %7
IC 14 $11| $11 $9 $9 $9 $9 $9 $9 $9
IC V6 $17 | $17| $13| $13| $13| $13| $13| $13| $13
IC V8 $23 | $23 | $18| $18| $18| $18| $18| $18| $18
TC 13 $44 | $44 | $42 | $42 | $42 | $42 | $42 | $42| $42
TC 14 $58 | $58 | $56 | $56 | $56 | $56 | $56 | $56 | $56
TC V6 $87 | $87 | $84 | $84 | $84 | $84 | $84 | $84 | $84
TC V8 $116 | $116 | $111 | $111 | $111 | $111 | $111 | $111 | $111

DMC=Direct manufacturing cost; IC=Indirect cost; TC=Total cost; all costs are
incremental to the baseline engine.
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The agencies have estimated the DMC for the second level of friction reduction with a
second level of low friction lube as double the combined DMCs of the first level of engine
friction reduction and first level of low friction lube (that is, double the DMC relative to the
baseline). The resultant costs of LUB2_EFR?2 are as shown in

Table VV-27. For LUB2_EFR2 the agencies have used a low complexity ICM of 1.24 through
2024 and a long-term ICM of 1.19 thereafter.

Table V-27 Costs for Engine Friction Reduction — Level 2(LUB2 EFR2) (2009%)
Cost | Engine | 5417 | 5018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
type type
DMC 13 $76 | $76| $76| $76| $76| $76| $76| $76| $76
DMC 14 | $100 | $100 | $100 | $100 | $100 | $100 | $100 | $100 | $100
DMC | V6 | $146 | $146 | $146 | $146 | $146 | $146 | $146 | $146 | $146
DMC| V8 | $103 | $193 | $193 | $193 | $193 | $103 | $103 | $193 | $193

IC 13 $18 | $18| $18| $18| $18| $18| $18 | $18| $15
IC 14 $24 | $24 | $24 | $24 | $24 | $24 | $24 | $24| $19
IC V6 $35| $35| $35| $35| $35| $35| $35| $35| $28
IC V8 $47 | $AT | $AT | AT | $AT | 4T | $4T | %47 | $37
TC 13 $95| $95| $95| $95| $95| $95| $95| $95| $91
TC 14 $124 | $124 | $124 | $124 | $124 | $124 | $124 | $124 | $119

TC V6 $182 | $182 | $182 | $182 | $182 | $182 | $182 | $182 | $175
TC V8 $240 | $240 | $240 | $240 | $240 | $240 | $240 | $240 | $230
DMC=Direct manufacturing cost; IC=Indirect cost; TC=Total cost; all costs are
incremental to the baseline.

Gasoline Engine Technologies
Variable Valve Timing (VVT)

Variable valve timing (VVT) encompasses a family of valve-train designs that alter the timing of
the intake valve, exhaust valve, or both, primarily to reduce pumping losses, increase specific
power, and control the level of residual gases in the cylinder. VVT reduces pumping losses
when the engine is lightly loaded by controlling valve timing closer to an optimum needed to
sustain horsepower and torque. VVT can also improve volumetric efficiency at higher engine
speeds and loads. Additionally, VVT can be used to alter (and optimize) the effective
compression ratio where it is advantageous for certain engine operating modes (e.g., in the
Atkinson Cycle).

VVT has now become a widely adopted technology: in MY 2010, approximately 86 percent of
all new cars and light trucks had engines with some method of variable valve timing.*®
Manufacturers are currently using many different types of variable valve timing, which have a

148 “Light-Duty Automotive Technology, Carbon Dioxide Emissions, and Fuel Economy Trends - 1975 through 2009”, EPA420-

S-07-001, September 2007, Docket No. NHTSA-2010-0131. Available at http://www.epa.gov/oms/cert/mpg/fetrends/fetrends-
archive.htm (last accessed November 13, 2011).
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variety of different names and methods. Manufacturers are currently using many different types
of variable valve timing, which have a variety of different names and methods. Therefore, the
degree of further improvement across the fleet is limited by the level of valvetrain technology
already implemented on the vehicles. Information found in the 2008 baseline vehicle fleet file is
used to determine the degree to which VVT technologies have already been applied to particular
vehicles, to ensure that the proper level of VVT technology, if any, is applied.

Each of the three implementations of VVT uses a cam phaser to adjust the camshaft angular
position relative to the crankshaft position, referred to as “camshaft phasing.” The phase
adjustment results in changes to the pumping work required by the engine to accomplish the gas
exchange process. The majority of current cam phaser applications use hydraulically-actuated
units, powered by engine oil pressure and managed by a solenoid that controls the oil pressure
supplied to the phaser. The three major types of VVT are listed below.

Intake Cam Phasing (ICP)

Valvetrains with ICP, which is the simplest of the cam phasing technologies, can modify the
timing of the inlet valves by phasing the intake camshaft while the exhaust valve timing remains
fixed. This requires the addition of a cam phaser on each bank of intake valves on the engine.
An in-line 4-cylinder engine has one bank of intake valves, while VV-configured engines have two
banks of intake valves.

In the MY's 2012-2016 final rule and TAR, NHTSA and EPA assumed an effectiveness range of
2 to 3 percent for ICP. Based on the 2011 Ricardo study and updated lumped-parameter model
the agencies have fine-tuned the range to 2.1 to 2.7 percent.

In the 2012-2016 rule and the 2010 TAR, the agencies estimated the DMC of a cam
phaser needed for ICP at $37 (20073$). This DMC becomes $38 (2009$) for this analysis and is
considered applicable in the 2015 MY. This cost would be required for each cam shaft
controlling intake valves; an overhead cam 14 would need one phaser, an overhead cam V6 or
V8 would need two phasers, and an overhead valve V6 or V8 would need just one. This
technology is considered to be on the flat-portion of the learning curve. The agencies have
applied a low complexity ICM of 1.24 to this technology through 2018 and a long-term ICM of
1.19 thereafter. The resultant costs are shown in

Table V-28.
Table V-28 Costs for Intake Cam Phasing (20099%)
g/c;s; Engine type | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
DMC | OHC-l4 $36 | $36| $35| $34| $34 | $33| $32| $32| $31
OHC-
DMC V6/V8 $73 | $71| $70| $68| $67 | $66 | $64 | $63 | $62
pmc | OHV" | 436 | $36| $35| $34| $34| $33| $32| $32| $31

V6/V8
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IC | OHC-14 | $0] %0 $7] 7] 7] $7] $7] 7] 87
IC 8(;'\(38 $18 | $18| $15| $15| $15| $15| $15| $15| $15
C | Gene | 99| s9| s7| s7| s7| s7| 7| s7| &
TC | OHC-14 | $46| $45| $42| $42| $41| $40| $40| $39| $38
TC | Opve | $91] $90| $84| $83| $82| $80| $79| $78| $76
TC | e | $46| $45| $42| $42| $41| $40| $40| $39| $38

DMC=Direct manufacturing cost; IC=Indirect cost; TC=Total cost;
OHC=overhead cam; OHV=overhead valve; all costs are incremental to the
baseline.

Coupled Cam Phasing (CCPS and CCPO)

Valvetrains with coupled (or coordinated) cam phasing can modify the timing of both the inlet
valves and the exhaust valves an equal amount by phasing the camshaft of a single overhead cam
(SOHC) engine or an overhead valve (OHV) engine. For overhead cam engines, this requires
the addition of a cam phaser on each bank of the engine. Thus, an in-line 4-cylinder engine has
one cam phaser, while SOHC V-engines have two cam phasers. For overhead valve (OHV)
engines, which have only one camshaft to actuate both inlet and exhaust valves, CCP is the only
VVT implementation option available and requires only one cam phaser.*

The analysis for MY's 2012-2016 final rule used an effectiveness estimate for CCP of between 1
to 4 percent. Due to the incremental nature and decision tree logic of the Volpe model, NHTSA
estimated the effectiveness for coupled cam phasing on a SOHC engine to be 1 to 3 percent and
1 to 1.5 percent for coupled cam phasing on an overhead valve engine.

For this proposal, the agencies, taking into account the additional review and the work performed
for the 2011 Ricardo study, have revised the estimates for CCP. The effectiveness relative to the
base engine is 4.1 to 5.5 percent based on the lumped parameter model. Because of the
incremental nature of the CAFE model, NHTSA used the incremental effectiveness range of 4.14
to 5.36 percent for SOHC applications, which represents an increase over the estimates used in
the MYs 2012-16 final rule and 2010 TAR. For OHYV applications, CCP was paired with
discrete variable valve lift (DVVL) to form a new technology descriptor called variable valve
actuation (VVVA). VVA is discussed later in this chapter..

The same cam phaser has been assumed for intake cam phasing as for coupled cam
phasing, thus CCP cost estimates are identical to those presented in

Table V-28.

149 We note that coaxial camshaft developments would allow other VT options to be applied to OHV engines.
However, since they would potentially be adopted on only a limited number of OHV engines, because of the
complexity of these systems, NHTSA did not include them in the decision tree for this analysis.
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Dual Cam Phasing (DCP)

The most flexible VVT design is dual (independent) cam phasing, where the intake and exhaust
valve opening and closing events are controlled independently. This allows the option of
controlling valve overlap, which can be used as an internal EGR strategy. At low engine loads,
DCP creates a reduction in pumping losses, resulting in improved fuel consumption. Increased
internal EGR also results in lower engine-out NOx emissions. The amount by which fuel
consumption is improved depends on the residual tolerance of the combustion system.
Additional improvements are observed at idle, where low valve overlap could result in improved
combustion stability, potentially reducing idle fuel consumption.

For the 2012-2016 final rule and TAR, the agencies assumed an effectiveness range for DCP of
between 3 to 5 percent relative to a base engine, or 2 to 3 relative to an engine with ICP. The
agencies have updated this range, based on the updated lumped parameter model, to 4.1 to 5.5
percent relative to a base engine, or 2.0 to 2.7 percent relative to an engine with ICP.

The costs for DCP are the same per phaser as described above for ICP. However, for DCP, an
additional cam phaser is required for each camshaft controlling exhaust valves. As a result, an
overhead cam 14 would need two phasers, an overhead cam V6 or V8 would need four phasers,
and an overhead valve V6 or V8 would need two. NHTSA believes that with DCP the exhaust
valves can be closed earlier to allow some in-cylinder EGR, so we subtracted the cost of an EGR
valve per bank for DCP. The EGR valve cost is $6 (2007$) in MY 2012, so the DCP cost per
bank is $31 (20073$). Converting to 2009$, the DCP cost is $33. This technology is considered to
be on the flat-portion of the learning curve. The agencies have applied a medium complexity
ICM of 1.39 to this technology through 2018 and 1.29 thereafter. The resultant costs are shown
in Table V-29.

Table V-29 Costs Per Cylinder Bank for VVT-Dual Cam Phasing (2009%)

Index 2017 2018 2019 2020 2021 2022 2023 2024 2025
DMC $31 $30 $30 $29 $29 $28 $27 $27 $26
IC $13 $13 $9 $9 $9 $9 $9 $9 $9
TC $44 $43 $39 $38 $38 $37 $37 $36 $36
DMC=Direct manufacturing cost; IC=Indirect cost; TC=Total cost; all costs are incremental to base engine.

Variable Valve Lift (VVL)

Controlling the lift of the valves provides an opportunity for further efficiency improvements.

By optimizing the valve-lift profile for specific engine opera